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Abstract.
This study considers the needs of staff and students 
in relation to lectures and some associated alternative 
methods of presentation of course materials. It looks 
at these through effects clearly visible in the application 
of a systematic approach to course design based on the
4 ‘
evidence of questionnaires, tests, and end-of-course 
examinations for first year undergraduates from science 
courses of the University of Surrey.
The first experiments in this study were concerned 
with a comparison of conventional lectures with tape/slide 
lectures, an investigation of a tape recorded lecture 
service and an experiment. which used a written text, 
self-test questions and shortened lectures. This latter 
lead to the design of the main experiment which investigated 
a system using self-tests and library-based reference •
material integrated with lectures in a first year 
electricity course.
The main points which emerge from this study are:
a) that students who regularly took the self-tests used in 
the main experiment in comparison with those who did not
i) showed a superior performance in all end-of-course 
examinations investigated.
ii)showed a superior performance and had an increased chance 
of passing the examination for the electricity course
to which'the system was applied, compared to their .
performance"..in- another electricity course as near 
equivalent as possible to the first where the system was 
not applied.
b) students made relatively little use of the reference 
materials supplied in the main experiment.
c) staff and students appear to like lectures and do not 
like their replacement by tape/slide presentations used 
as a lecture substitute.
d) students show a liking for methods which involve them with 
the course material.
e) student motivation is an important factor both in terms 
of student behaviour on the course and in performance on 
end-of-course examinations.;
f) there is a need to make staff more aware of the 
implications of student perception of the teaching/learning 
process as well as of the process itself.
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Chapter 1.
STATEMENT OF THE PROBLEM AND OUTLINE OF THE INVESTIGATION.
1.1 Introduction.
Traditionally most universities have followed a 
pattern of teaching and learning suited to the kind of 
student who was able to pursue learning for its own sake.
Now the role of the university is changing and the doors 
are open for all who wish for any reason to pursue higher 
education. As a result students' attitudes to learning are 
changing and becoming more career orientated. Learning is 
now a means to an end and'is no longer an end in itself.
In spite of this many tradtional university methods have 
remained .unchanged even in science and engineering courses 
where the rapid change in the mass of knowledge and the 
greater number of students participating in the courses 
demands that the university system should adapt to these new 
requirements. As Beard points out in her book "Teaching and 
Learning in Higher Education.",
'in teaching for adaptation to continuous change..".... students 
need to be given a considerable measure of responsibility 
and to experience situations and problems individually or in 
groups....' (Beard,1972 a) p.15 )• This theme of learning 
has long been evoked by writers in the past and the present 
is no exception. Brook in "The Modern University" states 
'among the aims of a university education must be included 
the acquisition of knowledge, but of far greater importance
are the development of intellectual curiosity and the 
realisation that the acquisition of knowledge is 
pleasurable, for the development of these qualities is 
a guarantee that the acquisition of knowledge will 
continue after the student has left university.1(Brook,1965.p.11) 
In 1963 the major aims of higher education were laid out 
in the Robbins report,
a)the need for the development of * skills suitable to 
play a part in the general division of labour*
b)the need to 'promote the general powers of the mind.The 
aim should be to produce not mere specialists but rather 
cultivated men and women.*
c)the need to promote 1 the advancement of learning....the 
search for truth is an essential function of institutions 
of higher education.'
d)the need to promote 1 the transmission of a common
culture and common standards of citizenship.1(Robbins,1 9 6 3 6 )  
The purpose of a university education at its best 
is summed up by Sir James Mountford in "British Universities" 
(quoted by Beard,1972 a) p.15) when he says of the nature 
of teaching and learning
'It must necessarily provide the student with a body of
positive knowledge which enhances his store of learning
and in part equips him for his career in later life. But
it also has another and more notable attribute. It 
inculcates in the student an attitude of mind which
r e g a r d s  the critical assessment of facts and values as
more important than dogmas, and which holds that a 
grasp of underlying principles is more valuable than the 
accumulation of information or the acquisition of skills 
and techniques.........To the limit of his capacity he
is trained to collect evidence for himself and form a 
balanced judgement about it. He fortifies his ability to 
think for himself; he refuses to accept orthodoxies 
simply because they are orthodox; and when he dissents, 
he does so on the basis not of prejudice but of 
reason.1 (Mountford,1966)
Whatever techniques have to be developed.by the 
student in order to achieve his aim must ultimately be 
his own individual responsibility. It
is the responsibility of the student to learn and not the 
responsibility of the lecturer to see that he does.
(Brook.1965.0.46.) but it is :
reasonable to suggest that it is the lecturer's 
responsibility to arrange things in such a way that the 
student is able to learn.
Concern for the student as an individual is particularly 
important at the time of entry to a university. At school 
the student was subject to comparatively strict 
discipline and control, but once having entered university 
he is virtually thrown upon his own devices.Many students ‘ 
need help or guidance in their first year until they 
become familiar with their environment and the methods of 
a university. O'Connell studying the problem of transition
of students from school to university at the University 
of Surrey concluded that this first year at university 
should he an intermediate stage between school and 
university. (O'Connell,1970)
1.2 Purpose of the research.
Many first year students finding the gap between 
school and university too great need help in-two ways:
i)with personal problems in adjusting to the environment :
ii)with teaching and learning problems arising from, the 
course material.
The University of Surrey in common with other 
universities attempts to help with personal problems by 
assigning a personal tutor to each student to whom he can 
go. if he needs help; a student councillor is also 
available to the students at all times, and a full time 
student health service is maintained by the University.
This research is concerned with the need for help, 
of the second kind, namely with teaching and learning 
problems as distinct from personal problems, but it is 
obviously not always possible to separate the two.
The purpose of this research is
a) i) to review teaching and learning in the existing 
university system in order to establish some of the main 
conclusions from research studies.
ii)to review features in psychological learning theories 
which might be applied to help the student and render the 
learning process more effective and efficient.
iii) to review systematic methods that have been used, 
to present course materials to see how students are being 
helped by methods other than traditional methods.
iv) to'review methods that have been used to evaluate 
educational research to help towards the design of the 
evaluation of this study.
These reviews are the subject of chapter 3*
b) to investigate some existing courses in the University 
of Surrey in order to present information on staff and 
student attitude to lectures and alternative methods of 
presenting material, and to methods which gave students 
additional help with course material.
This is the subject of chapter 4.
c) to investigate the application of a system which gave 
students information on their progress and provided 
reference material in a first year undergraduate course. 
This investigation is the subject of chapter 5*
1.3 Scope of the research.
The students who took part in all the experiments 
described in this study were first year undergraduates of 
the University of Surrey. All of the experiments
were conducted with students on the PEMS course.
The PEMS course is a first year undergraduate course 
taken by approximately 150 students from the departments 
of Physics, Electronic and Electrical Engineering, 
Metallurgy and Materials Science, and Chemical Pnysics.
For the purpose of this investigation a consideration
of practical work has been omitted.Preliminary investigation 
indicated that many experiments were concerned with skills 
rather than the theoretical content of the course. Where 
theory was involved it was not always related directly 
to the theoretical course.Because students often completed 
experiments on a rota system any theory was met in a 
random way. Consequently I have limited my study to a 
consideration of the theoretical course.This decision should 
not be taken as an indication-that theory and practical 
work should be divorced from one another; indeed students 
often feel that there should be closer links between 
lectures and practical work.(Cooper and Foy,1967;Watson,1974)
1.4 Experimental design.
In chapter 3 (section 3-5) I have argued that classical 
research designs are too restrictive and have reviewed other 
designs which are more qualitative,that is, take into 
account factors other than results capable of being 
handled by statistical analysis.
In my preliminary investigation of methods for the 
design and evaluation of this work I found that although 
a number of books deal, with experimental design in the 
statistical sense, (for example,Ferguson,1959;
Lindquist,1953 ) giving considerable detail
on the analysis of results,they ignore the fact that 
people are not units but individuals.This is the difference 
between what Parlett calls the artificiality of the 
tidy controlled experiment and the reality of the 
untidy learning process.(Barlett,1972)
To me the important problems werei
a) what questions should be asked in the first place?
b) how do you obtain data in order to attempt answers 
to these questions?
I therefore began .with the assumption that to 
examine the effect of any innovation one must widen the 
scope of the investigation. From the analysis of results 
on achievement tests for comparative groups in ways 
discussed by Campbell and Stanley (Campbell and 
Stanley,1963) one must go on to examine other factors.
These factors Include the attitude of people concerned 
in the process and the additional cost and time involved 
in the preparation of the material,that is, a 
concentration on the people involved and the wider problems 
of the setting instead of the outcomes derived from a 
specification of the instructional system. (Parlett and 
Hamilton,1972)
Rather than design a study which prespecified all 
questions, factors, hypotheses, etc., I judged that 
once the field had been explored it would suggest areas 
for further experiments rather in the way that Platt 
describes, where the results of one experiment form the 
basis for further work.(Platt,1964) Thus in this work 
the review of the literature and the preliminary 
experiments interconnect and contribute to the main 
experiment s .This interconnection will be explained inxoxe; 
more detail in chapter 4 and 5 but is shown below
together with a summary of the experiments which are the 
subject of this study.
1.5 Summary of the experiments and diagrammatic 
representation of interconnections.
Systematic
learning approaches
process to course
development
Review of the Traditional The 
literature university
methods
Preliminary
experiments
SAT/S
SM
Summer
1970
EC1
Main
experiment
Autumn
1971
EC 2
Key to diagram- and summary of experiments.
Code Title of experiment.
SAT/S A comparison of conventional lectures and tape/slide
lectures. .
SAT An investigation of a tape recorded lecture
service. .
SM An experiment concerned with the replacement of
lectures by a written text and self-test questions.
ECl An investigation of a self-teaching system which
used self-tests and library based reference 
material integrated with lectures.
EC2 An investigation of a revised version of ECl.
Experiment. Duration Duration 
in lectures.of course
in lectures.
Date of 
experiment.
Lecturer and 
title of 
course.
SAT/S 3 .i,. 20 Autumn 
term 1969
Professor 
D.Jackson
Structure of 
Atoms.
SAT ■; 15 20 Autumn 
term 1969
Professor.
D.Jackson
Structure of 
Atoms.
SM ; 3 20 Spring 
term 197^
Dr.B.C.Stace
Structure of 
Molecules.
EC1 15 15 Autumn 
term 1970
Spring 
term 1971
Mr. Q.V.Davis 
Electricityl
■ EC2 Vi;V 
- - -
>5 15 Autumn 
term 1971
Mr.Q.V.Davis
Electrical
Circuits.
; Chapter 2.
- : METHODS AND TECHNIQUES. ■ :;
This chapter is concerned with the problems involved 
in the choice of the experimental material and with the 
choice of methods of data collection and of analysis. 
Appropriate methods are considered in terms of the 
requirements of a particular experiment and the constraints 
of the system.
2.1 The choice of experimental material for the Structure 
of Atoms course.Autumn term 1969.(experiments SAT/S 
and SAT)
The nature of the course and the cooperation of the 
lecturer was such that I was able to introduce two 
experiments into the course for the purpose of judging 
staff and student reactions to the lectures and to an 
alternative method of presentation, and also to make the 
lecture material available after the lectures to see if it 
would be used by students and would help them with their 
course.
The point is made in section 2.5A that students 
will answer questions accurately within the limits of their 
own perception.In a similar way staff opinion on teaching 
methods may be limited by their experience of other 
methods. In this preliminary experiment the use of an 
alternative method of presentation was designed to give 
staff and students a basis for the comparison of 
lectures with another method.The problem arose that if an
alternative to the lecture was to be provided, what form 
should it take? The possible alternatives were many, but 
it seemed that to give some basis for comparison it 
should not be too far removed from the normal lecture.
The most obvious change was to remove the lecturer and 
use a recorded presentation. This limited it essentially 
to presentation by television, sound cine" film or slides 
shown in conjunction with a tape recording. In making the 
decision factors of ease of preparation, ease of revision, 
cost of preparation, the possibility of colour, movement, 
size of picture were taken into account. The method which 
seemed to offer the most advantage was slide used in 
conjunction with a tape recording. The material was 
relatively cheap and easy to prepare, easy to revise; 
colour and a large picture size were both possible. The 
main disadvantage was that movement was not possible, but 
an analysis of intended subject material showed that this 
was not required.
Experiments had already been conducted in the use of 
tapes and slides with undergraduates, mainly at that 
time in the medical field (for example,Harden, Wayne and 
Donald,1968; Appleby,1968; Phillips,1968).Although Harden 
et al. report using tape/slide materials for group 
( up to 30 students ) presentation,Appleby and Phillips were 
principally concerned with them as individual study 
devices.
In this experiment I was concerned with tape/slide
/for group presentation and my first purpose, stated at the 
beginning of this section, was accomplished by replacing 
three of the normal lectures by fully automatic tape/slide 
presentations.lt would have been possible to produce 
tape/slide presentations of all the lectures in the 
course in order to fulfil my second purpose of making 
lecture material available after the course.However 
tape/slide as a means of presentation was chosen in the 
work described above specifically to provide an alternative 
to lectures given to large groups of students. Appleby 
and Phillips1 use of tape/slide for individual study had 
involved the use of colour photographs which were essential 
to their presentations. Here for my second purpose the 
printed page could* it seemed, be substituted for slides, 
as the major requirement was that diagrams and formulae, 
were keyed in with the spoken word.
There appeared to be few investigations of tape 
recorded lecture material available, but one (Popham,1961) 
although concerned with specially prepared material, indicated 
favourable student reception of the method and, more 
usefully, gave students1 comments and the author’s own 
reactions to the taped lecture approach. Other references 
were also concerned with specially prepared taped 
material, often in conjunction with practical work,
(for example,Fletcher and Watson,1968/ or with slides 
(for example,Harden, Wayne and Donald, 1968), but not 
generally with recordings of actual lectures and the
problems attendant in making sure that all the visual 
material was available. However Mr. S. O ’Connell was 
able to assist with problems which arose concerning 
techniques and Professor Jackson, the lecturer on the 
course, gave much help in making sure that the necessary 
visual material was available.
Thus, to fulfil my second purpose I had complete 
recordings of lectures made and put them, together with 
printed notes and'diagrams, in the library where they 
were available for student use.
2.2 The choice of experimental material for the Structure 
of Molecules course .Spring term 197Q». (Experiment SM)
In the preliminary experiment concerned with a ;r*pla 
replacement of normal lectures by tape/slide presentations 
the results (section 4.14) indicate that there appears 
to be no difference in performance (as judged on the 
end-of-term examination) between the group of students 
who attended normal lectures and those who attended 
tape/slide presentations. I did however find that students 
preferred normal lectures to the recorded presentations, 
(section 4.123)
At this point in the work,the beginning of the 
Spring Term 1970, my purpose was basically that given 
for the experiments described in the Structure of Atoms 
course (section 2.1) namely
i)judging the reactions of students to a method other 
than the lecture. .
ii)to provide additional help foi*'the student with the 
course material to see if the material would both help 
students and be recognised by them as being helpful.
After discussing the problem with Dr. Stace, the. 
lecturer on the course, he kindly allowed me to use his 
PEMS "Structure of Molecules" course for this purpose 
and we decided to use the simplest solution, namely to 
provide a printed text. Thus the last three lectures 
of Dr. Stace’s course were replaced by three booklets 
incorporating both written text and self-test questions. 
In addition we decided to have two short lectures 
(15-20 minutes duration) given by Dr. Stace in which he 
could emphasise important parts of the material.
Thus my purpose in providing a method other than 
the lecture was fulfilled by using a written ptext. My 
second purpose was fulfilled by providing self-test 
questions with which the students could test themselves, 
mark their own answers and, if they felt it necessary, 
go to parts of the written text where further explanatory 
material was provided.
This use of self-tests keyed in to further 
explanatory material seemed to offer two advantages.lt
i)provided the student with information on his progress 
through the course so that he became aware of his 
problems as soon as possible and not during his final 
revision for the examination.
ii)provided the help required as defined in section 1.2 
to enable the student to solve any problem arising from
course material.
My choice of self-tests as a means of providing 
help in the form of self-knowledge was influenced by 
previous work carried out at the University of Surrey 
on preknowledge surveys (0'Connell, Wilson, and 
Elton,1969) and by comments made by students in connection 
with tutorials (Hills, 1971 a) ). Here it had been 
suggested that an outline syllabus and 'lots of 
questions and problems covering all parts of the syllabus1 
should be supplied so that the student was aware of.his 
progress through the course. Tests had been used in a 
somewhat similar way by Mosel in 1964 (Mosel,1964). .
2.3 The choice of experimental material for the 
main experiment.
This, the main part of the research, is concerned 
with my third purpose, given in section 1.2, namely to 
carry put experiments with science courses in the 
University of Surrey which investigated how to provide 
additional help fob first year students in their 
progress through their course. I considered that there 
were two important points
a)the choice of particular methods
b)the effectiveness of the help provided.
This stage represents a coming together of 
information and. experience gained from a review of the 
literature and from the preliminary experiments described 
above. I have therefore omitted a discussion of these
points in relation to the main experiment from this ' 
chapter but have included it in section 4.4-. Results 
and an analysis of this experiment are given in chapter 5* 
2.31
A question which it is appropriate to consider 
here is what was the basis on which I selected a first 
year course to work with?
In effect this was almost a forced choice. In 
the period 1969-71, the PEMS course (section 1.3) was 
a two term course held during the Autumn and Spring 
terms of each year. The work described in this study 
began in October 1969 with an initial planning period 
in the Summer vacation 1969.. The timetable for the 
experiments.on courses already described was thus as 
follows
Summer vacation 1969 - Initial reading and planning stag
Autumn term 1969 - Experiments with "Structure of
Atoms" course.
This left the Spring term 1970 for interaction with any 
other first year courses, and in fact I involved myself 
with Dr.B.C.Stace's "Structure of Molecules" course which 
is described in section 4.3.
During the Summer term 1970 I analysed results 
from the first year's experiments, selected a course 
for the main part of the research, approached the member 
of staff concerned, and prepared the material.Main PEMS 
courses given during the Autumn term 1970 were Professor
Jackson's "Structure of Atoms"course (20 lectures),
Mr. Q.V.Davis's "Electricity I" course (concerned with
basic electricity ) (20 lectures), and Mr. Davis1s "Electricityll"
(concerned with electricalcircuit theory) (15 lectures)
Since two of the courses were concerned with the 
same subject, electricity, and both had the same lecturer 
and the same students, it seemed that these might be used 
as the basis for a comparative experiment. I therefore 
approached Mr. Davis, giving him an account of what I had 
been doing and what I was trying to do. He agreed to 
help, and as he judged the subject matter of both 
Electricity I and Electricity II to be of the same level 
of difficulty, we arbitrarily chose Electricity II for the 
first trial of the proposed system in 1976-71. A sedond 
trial was undertaken in 1971-72.
2.4- Preparation of the experimental material.
Experimental material in all experiments was presented 
to students in the following forms
a)in written form (see for example section 4-. 5 and 5-1 )
b)in spoken form with visual material on slides (see for 
example section 4-.1 and 5*1)
c)in spoken form with associated printed material (see 
for example section 4-.2 and 5-1)
c) represents the case where lectures were 
recorded and therefore the material was originated 
directly by the lecturer. In the case of a) and b) the 
material was prepared by the following process:
Each experiment was first designed with specific aims 
in mind (details are given in chapters 4 and 5 ). These 
were discussed with the member of staff concerned with 
the course and the scope of the material to be included 
defined.
For the experiment on the replacement of lectures 
by tape/slide presentations, Professor Jackson prepared 
the scripts and indicated the appropriate visual material, 
but for all other experiments the member of staff and I 
were involved in discussion and revision of the 
experimental material. I then trial-tested the material 
with a few students, usually those who had gone through 
the course the year before, to attempt to eliminate 
errors and produce revisions where necessary. The material 
was then used in the appropriate experiment. This did 
not however eliminate all errors and further suggestions 
for revision and correction were given by the members 
of staff involved.(for example, section 5*3)
Two types of revision were suggested by students 
studying the material
i)errors of fact
ii)clarifications designed to help the students.
2.5 Choice of methods of data collection.
First we must consider the purpose for which data 
was to be collected, the ways in which data can be collected^ 
then the most appropriate way for data to be collected 
for the experiments which are the subject of this study.
Data was collected so that I could show the 
effectiveness of certain processes where the student was
a) given awareness of his problems
b) provided with materials which might help to solve these 
problems.
As I have already described in section 1.4, I did not 
consider it sufficient to show effectiveness only in terms 
of improvement or otherwise in examination results. It was 
also important to look at the situation and the people 
concerned in it.
The people who might be considered to be involved in 
the process and interested in certain facets of it were:
The student - I needed to.obtain his comments in order 
to determine what attitude he held concerning the modified 
courses. : ■
The teacher I needed to find out staff attitude to 
the courses.
The educational administrator - I needed to show the 
benefits (or otherwise) in terms of performance in end- 
of-course examinations, cost of the course, and any a 
additional staff time involved. It must be noted that 
the distinction between teacher and educational adminstrator 
is obviously not a clear one as they may be one and the 
same person. The distinction is made here in order to 
draw attention to the academic member of staff 
specifically involved in the course work with the students. 
The teacher's attitude could directly affect the 
teaching/learning situation.
Data for these purposes might be obtained in many, 
ways from students or indeed from any group of people.
These 1 have divided into four main methods - 
observation, interviews,questionnaires,documentary sources.
2.51 Observation.
Observation is our main method for obtaining information 
about the world around us. It can be unstructured as 
in most of our observation of everyday events, or it can 
be structured for a specific purpose. The main advantage 
of any observational technique is that it observes 
behaviour that is occurring at the moment of observation.
It can however be made retrospective if, for example, 
a video recording is made and observational techniques 
applied to a reshowing of the original event.
Observation cannot be used directly to obtain 
information on peoples' attitudes,feelings or opinions, 
although obviously to some extent extreme feelings may 
render some facial change which can be observed.
Observation used to judge reactions to questions becomes 
part of the interview technique described in the next 
■section.
In this study observation was used in the "Structure 
of Atoms" course where it was difficult to count the 
exact numbers of students attending lectures (maximum 
of the order of 150).It was used to observe differences 
in attendance between this course where an innovatory 
method was used and another course where no innovatory
method was used. A small difference in attendance might 
indicate student acceptance of the innovatory method, 
whereas a large difference between the two courses 
might indicate either a positive or negative attitude to 
the method.Further details are given in section 4.221.
2.52 Interviews and Questionnaires.
Interviews and questionnaires are considered here 
together because both are often concerned with an attempt 
to obtain retrospective feelings about a past event, in 
this case a student's feelings and opinion about his 
involvement in a course which contains innovatory 
methods. There are many kinds of interview, from ones 
in which free discussion is encouraged to ones where 
a series of structured questions provide a check on the 
consistency of a person's answers. For this research we 
consider an interview to be a series of questions put 
to a student by a research worker in a face to face 
situation.
A questionnaire is more limited than the interview 
situation described above, since it cannot allow free 
discussion.lt can however be given, completed and 
returned by one person or a group of people at one time, 
or it can be sent out and returned by post. The former 
usually results in larger returns than the postal' 
questionnaire although there are a number of factors 
which can affect the return rate. (Parten, 1956) Here 
a questionnaire is considered to be a series of questions
on paper given to a group of students, completed by . 
them, and handed in during class time. Some of the main 
advantages and disadvantages of interviews and questionnaires 
are given below: .
Interviews.
Advantages.
1.Easier to obtain responses from people of loiter 
intelligence or who find difficulty in writing -this 
should not apply to university students.
2.The intention of questions can be clarified.
3.Interviewers can see not just what is said, but how 
it is said.
4.People are often more willing to talk than they are 
to fill in and return a questionnaire.
Disadvantages.
1.Conditions differ considerably from one interview
to another even when there is an attempt to standardise 
conditions, for example,the nonverbal procedure remains 
the same.
2.There may be more stress in an interview situation
for the student than filling in a questionnaire, that is, 
face to face contact gives pressure for an immediate 
reply. ■ ■ . ;
3.Interviewer bias is the largest disadvantage but on 
the other hand interviewers can create an atmosphere which 
may encourage people to respond more than they might 
otherwise do.
Questionnaires .
Advantages.
1.Less expensive than the interview in terms of time and 
interviewer/student ratio.
2.Less skill needed to administer questionnaires than 
interviews.
3.Appear to give standardisation of wording and procedure.
4.People filling in a questionnaire may feel that the 
anonymity of a questionnaire means that they can express . 
their opinions more freely.
Disadvantages.
1.Questionnaires are impersonal.
2.The appearance of standardisation may be illusory 
since words and phrases have different meanings and 
connotations for different people.. Answers to the,same 
questionnaires given to different groups may vary for a 
number of reasons including,time of day,(ie factors of 
fatigue etc.),lack of time for completion with one 
group and more for another etc..(Selltiz et al.,1962; 
Moser,1958; Oppenheimer,1966) Since the number of students 
was always of the order of 100, I used questionnaires in 
this study. This avoided the disadvantages of the face- 
to-face situation and I was able to obtain much more 
information than if I had tried to interview a selected 
sample of students.
Staff were dealt with on a rather different basis, 
some comments being obtained by informal interview and
some by written comment depending on the situation, more 
details of these are given in chapters 4- and 5*
2,55 Documentary sources.
In this study documentary sources refer 
specifically to the following:
a)records, kept by the library of the use of any reference 
material, for example, tape recordings, books, tape/slide 
material, ;
b)student s1 re suit s in end-of-oourse examinations.
c)accounts kept by myself of cost and time spent in 
developing the material for Mr.Davis’ Electricity II 
course. ;
2.54- Design of the questionnaires.
One of the problems in designing and using a 
questionnaire is how to establish how far students' 
replies to questions are accurately reflecting the 
existing situation. In looking at students’ answers there 
are two possibilities, either students are
a)answering accurately within the limits of their perception
b)answering inaccurately perhaps because they feel 
threatened by some of the questions, don't know the
.answers to others and guess, or because they simply want 
to please the questionner. Cooper and Foy in a study which 
obtained information on the study habits and attitudes 
of undergraduates at the University of Bradford felt 
that students’ replies could be taken at their face
value. (Cooper and Foy,19^9) Falk and Dow support this
view but add that student s will answer, within the
.. ikrv*) V}7l)
limit s of their perception)^. This view is also supported 
by evidence in this study (questions 4- and 6, section 4.122)
There is however another aspect of perception, 
since different students may understand different 
things from the same question. Wilson gives an example 
of two people who upon being questioned both appear to 
approve of "sex education", however upon being cross 
questioned one had a picture of "sex education" as 
intended ’essentially to repress pupils', the other 
thought that it implied giving them a variety of 
sexual experience. (Wilson,1975) In the questionnaires 
used in this study, since questions are concerned with 
aspects of the system where students have a common 
experience, extreme effects of this kind have been 
avoided.
All staff and students were asked to give their 
names when completing a questionnaire and although this 
might cause student comments to be coloured by a 
desire to please, I believe that at least this commitment 
to one1s own comments should enable more reliance to 
be placed on adverse comments. The voluntary completion 
of all questionnaires would also indicate some degree 
of commitment. Thus if a student objected to handing 
in a questionnaire his remedy was simple - he need not 
hand it in. In practice as can be seen by comparing the 
numbers of attitude questionnaires handed in with the 
numbers present for a particular test,the number of
students present but not completing questionnaires 
is very small. Informal estimates of numbers confirm i 
■ this.
Questionnaires were shown to the members of 
staff concerned with the experiment and trial tested 
with one or two students. Where necessary questions 
were recast in an attempt to avoid bias and asking 
leading questions. Points relating to specific questions 
are discussed at appropriate points in chapters 4- and 5*
2.55 End-of-course examinations.
It is generally felt important that any innovation 
-if it is worth anything- should be able to influence 
the end-of-course examination. The number of studies 
concerned with comparing other methods with the lecture 
method referred to in section 5-1 give some indication 
of the importance of this concept. ' ;
The power of the classical method of educational 
research lies in its ability to control all variable 
factors and produce groups of students which are 
matched in all but the variable under examination.
Thus any attempt to show that a method Is influencing 
an examination must compare matched groups, one of 
which has been subjected to the method while the' other 
has not. I have indicated in section 5*5 Dow difficult 
it is in practice to produce groups of students equivalent 
in every way and in the experiments that are the 
subject of this study I attempted to overcome this 
problem.
In the first experiment on tape/slide lectures 
I compared students’ performance over the two years . 
by matching the groups not on factors of IQ. etc., 
but on their Intention to attempt the question/That .
is, I Judged that students attempting the question 
did so largely because they were confident in their 
ability to perform at least reasonably well on the 
question, otherwise they xvould have chosen another 
question, since a choice of questions was allowed.
Student numbers in the two years are largely similar 
and my confidence in selecting the two groups as 
equivalent in this respect was Justified, since no 
significant difference between the mean scores of the 
groups emerged. This might be expected since students 
were allowed a few weeks revision between the lectures 
and the examination, (section 4.14-)
In the experiment concerned with the use of 
tape recordings of the lectures I compared the group 
of students who had used a number of the tapes ("users") 
with those who had not ("nonusers"),the apparent result 
was no significant difference in mean scores, but this 
result is discussed further in section 4-.25-
In the experiment concerned with a written.text and 
self-test questions I examined gain scores between a test 
of preknowledge and a test of recall of knowledge at the 
end of the experiment, but no analysis of the end-of-course 
examination was possible, (section 4-. 322)
In the main experiment which is the subject of 
chapter 5 1 used the concept of "feedback" and 
"non-feedback" groups (section 5*2) in an analysis of 
the end-of-course examination. This was possible 
since the hypothesis set for the experiment was that 
students who had regularly received information 
as to their progress ( "feedback group") would show 
improved examination performance over those who did 
not ( "non-feedback group" ); thus the groups selected 
themselves, 'the treatment of this analysis'together 
with the results is given in section 5*4- and section 5*8.
Obviously since the students were self-selecting, 
the use or non-use of the self-tests might be dictated 
by factors which would cause them to do well in the 
examination regardless of the tests , but although this ■ 
is examined, the main concern of the hypothesis for 
this experiment is that the provision of knowledge of 
progress should enable students to perform better in 
the end-of-course examination.
In order to establish that the result is not just 
a chance one, that is, due to a number of extraneous 
factors combining to produce the desired result, the 
experiment was repeated in the following year with a 
new group of first year students. Once again the 
"feedback " and " non-feedback " groups were self- 
selecting, but as will be seen in chapter 5 analysis of 
the result largely confirms the previous year's
findings. Although this obviously does not indicate that . 
the results would be replicable in another trial, it 
would indicate that similarities in results between 
students in the two trials must be due to some factor 
or factors which are producing a large enough effect 
over and above other effects.
2,6 The presentation of results. ;
Results as percentages.
Results of tests and questionnaires have been 
displayed throughout as percentages. This was done to give 
a uniformity to the results presented, and to enable 
one to make easy direct comparison.However, in all cases 
the number of students representing the population for a 
test or questionnaire is given, and the results should 
be viewed in the light of the total number of students that 
could have been involved, that is, often the total PEMS 
student population. Also the percentage given may look 
quite large, but in fact may only represent 1 or 2 students. 
At points where this might cause confusion I have tried 
to lay emphasis on the small number of stuents.
Results as point histograms.
To show more clearly the trends of the percentaged 
results, point histograms have been dram and their 
points joined by lines. This tends to give the histogram 
a "graph" -like quality, but since often two histograms are 
dram together for comparison this technique avoids the 
rather cluttered appearance that drawing two histograms
one on top of the other, would present.
Numerical information on student performance was 
generated in the form of test results and examination results 
It was felt that the main treatment of numerical results 
should he in terms of significant (or otherwise) 
differences between mean scores as seen in terms of a 
null hypothesis. In this part of the work I am indebted 
to help from members of the Mathematics Department and 
Computing Unit. All formulae used were standard tests 
of significance - using small group formulae for groups 
of less than 20 .(Garrett,1966>
In the judgement of significant differences, the
0.01 level of significance is adopted throughout, thus 
reducing “type 1 errors".(Downie and Heath,1965)• Although 
this increases the possibility of making a "type 2 error”, 
namely of not rejecting a null hypothesis when it 
should be rejected, this would seem acceptable in view 
of the exploratory nature of the work, broad general 
differences being shown up.
Chapter 3*
REVIEW OF,THE LITERATURE.
This chapter brings together some of the main 
facts and preoccupations of the existing university 
system particularly concerned with the theoretical 
course. Theories of learning are then examined to see 
if they provide pointers to the application of principles 
for the everyday learning process. In the light of these 
principles systems and methods in current use are also 
examined to see how these tackled the problem of giving 
students help with their course work. The chapter ends 
with a consideration of evaluation and research design 
in order to establish some guidelines for the 
evaluation of this research.
3.1 Traditional University Methods. •
Traditional university systems in science and 
engineering courses often consist of two main facets, 
the theoretical course and the practical course. For 
the purposes of this review I shall consider only the 
theoretical course, practical x^ ork being omitted for 
the reasons given in chapter 1 (section 1.3)• This 
course consists essentially of interactions which I 
shall call teaching activities. These take place 
between an academic member of staff and groups of 
students of varying sizes. There is some disagreement 
on the optimum size of a group, its function, and 
its relationship to style of leadership within the
group (Smith.,1968; Davey,1969; liacKenzie et al,1970; 
Bligh,1972).It is therefore difficult to see how 
definitive statements like 1 a group of students small 
enough for individual conversation and discussion
arrived at. It is possible that they are based mainly
The difficulty is the usual one of generalisation. In 
fact the number of students with7 whom it is possible 
to discuss a subject varies. It depends on a number of : 
factors,for example, the attitude and skills of the 
teacher, the personalities and experience of the 
students, the subject, the environment ( for example, 
seating arrangements, etc..). This is discussed in more 
detail in section 3.12.
Teaching activities can be considered as a continuum 
x^ ith the degree of interaction between student and 
teacher lessening as one goes towards the larger group 
situation.':;-:
one student/one teacher large group of
cannot therefore be larger than six' (Caldin,1968) are
on the personal experience of the particular author
(individual tutorial)
students/one teacher 
(lecture)
"increase of possible 
interaction between 
participants
decrease of possible
interaction
theoretical coursesat.the University of Surrey 
consist mainly of two activities at or near the extremes 
of this continuum,
a)the lecture - a long period (of the order of 50 minutes) 
of uninterrupted speech by the teacher to the students.
b)small group discussions - a small number (less that 10) 
of students ana a teacher meeting to discuss material 
from a particular course.
Group size is obviously important. It would be 
impractical to do anything other than lecture to, for 
example, a/hundred students (De Cecco puts this figure 
much lower at 52 and feels that upwards from this number, 
size is relatively unimportant) (De Cecco,1964). The 
term lecture essentially describes a process which involves 
an active member of staff and passive- students. A small 
group discussion can involve an active lecturer and 
active students, but the degree of overt activity falls 
off rapidly as the number in the group increases.
Perhaps because of the difference between an active 
and a passive process the Committee on Higher Education 
in 1963 suggested that the remedy for an excess of 
lecturing might be "the tutorial system”. It was pointed 
out however that the term “tutorial system” was not 
clearly defined by those who advocated it as a 
remedy. (Bobbins,1963) This trend towards the group 
process was also noted in a U.G.C. report which covered 
a period from 1929-3° to 1935-36 on "The relation between
student: and teacher11. (Hale,1964-) It may he that this 
is explained by the student reacting away from a method 
which is seen to be largely impersonal, that is, the 
lecture, and going towards a method which is thought 
to enable the student to act as an individual.
3.11 The lecture.
Research on teaching methods has often concentrated 
on comparative studies— for example, discussion, project work 
am reading, etc., in comparison with the lecture method- and 
has compared effectiveness by reference to the results 
of tests or examinations. There have been a considerable 
number of these and reviews of them have varied in their 
support of particular methods (for example,McEeachie,1963; 
^ispe,1953; Dubin.and Taveggia,1968).
The findings of a reviextf presented by ^ubin and 
Taveggia appear to express the general feelings, if not 
absolutely accurate, of all previous studies. They 
reanalyseddata for 91 comparative studies carried out 
before 1965 and concluded that for these there were no 
measurable differences between distinct methods (lectures, 
discussion methods, independant study methods, etc.) when 
judged by student performance in final examinations.(Dubin 
and Taveggia, 1968.) :  ^ •
More recently Costin in a careful review in which he 
1)indicated the extensiveness of his coverage of published 
papers by saying that less than one-third of his 
references were cited in 1 the most extensive review*(namely
McKeachie,1 9 6 3 ) and "
ii)subdivides the studies; for example, lecture v. discussion 
is subdivided into
a)comparison of students1 achievements 
in courses taught by both methods
b)effects of knowledge compared with 
effects on cognitive skills
c<>comparison of students* evaluation 
of courses taught by both methods etc. 
discussing each in turn. In this he comes to the ‘ 
general conclusion that 'evidence fails to support 
popular derogation of the value of lectures in college 
and miniversiiy teaching. ’ (Costin, 1972) . This type of 
study appears to accept the lecture as a standard 
against which other methods can be judged and ignores the
host of factors which affect and interact with the 
teacher and the student in the communication process. .
A consideration of the typical lecture situation as a 
one-way verbal communication (Mackenzie et al.,197°* P*127) 
could be expanded to take account of the complexity 
of the processes as in the diagram on the following 
page: .
TEACHER
Preparation of material 
Voice :" .
Board work 
Presence 
Motivation 
Speed of delivery 
Use of aids 
Handling of apparatus 
Quality of notes given 
or issued
STUjDEUT
Characteristics 
of individual 
members of group.
Interaction between 
members of group.
Composition of group.
Size of group.
Verbal and nonverbal comn^cation 
Mainly nonverbal communication
->
All these factors vary in another dimension or dimensions, 
namely those of
good lecturer •— — -- -— ---;— — — bad lecturer
and .
good student 4^ ---■------------------ bad student
Additional variables which might be involved include: 
time of day, temperature/humidity, lighting,seating, 
length of lecture, etc..
However, Bligh, in the most recent magor British 
review,attempted not gust an uncritical acceptance "of the 
lecture as a standard against which all other methods
should be judged, but tried first to distill out the 
objectives which a lecture could achieve and then 
examined previous studies to see if they could be 
considered to have achieved those objectives.He considered 
the claim that lectures can be used for three main kinds 
of objectives: .
1.the acquisition of information
2. the promotion of thought
3.changes in attitudes.
After reviewing a number of comparative studies he came 
to the conclusion that:
1 the available evidence suggests that it (the lecture) 
can only effectively achieve... the student * s 
acquisition of information.1 (Bligh',1971* p.25)
.The situation in 1974- could perhaps be summarised 
in the words of Spence writing some 4-6 years ago when he 
says,’The decrying of the wholesale use of lectures in 
college teaching is probably justified. The wholesale 
decrying of the use of lectures in college is just as 
certainly not justified.’ (Spence,1928. p.4-62)
The one definitive statement which can be made about 
lectures is that they can be used to display information 
to a large number of students at one time, but this 
like many of the studies referred to in the reviews 
cited above concentratescn the teaching role and says 
nothing about the learning process. To accept this teaching 
role as the sole function of the lecture would be to
ignore the fact that it can also be used to provide 
a framework for a course from which students can be 
shown methods of approaching the course, be given 
various sources of reference and be stimulated to 
further work on their own. There is evidence that 
these are the kinds of things that students expect from 
a lecture course (Cooper and Roy, 19.6?; Saunders,1969)• 
This does not argue that it is the most efficient way 
of carrying out these functions. •
3.12 Small group discussions.
Research on small group discussion has often been 
concerned with studies of the effects of differing class 
size. There seems to be some disagreement as I  have 
already pointed out in section 3«1* It is often reported 
that achievements in examinations by students from r 
different sized groups differ only slightly. This might 
well be expected when one considers the number of 
variables that could operate in an interactive discussion 
session. All the variable given previously for teacher 
and student in the lecture situation apply here and in 
addition the interactions between teacher and student, 
student and student are as follows:
Although there is often■ concern that the size of 
the group should he small enough to permit active 
participation and individual conversation (Jaspers,1959;/ 
Caldin,1968). the fact that students can he actively 
involved in a group and yet not he. actively involved in 
conversation is often ignored. As Beard pointed out, a 
student may be actively engaged in profound thought 
(Beard,1972 h) ). . The small group
situation should essentially explore a variety of 
viewpoints and come by a concensus of opinion towards 
a conclusion.
In the above I have limited the scope of small 
group discussions to those usually found in the 
traditional university course (with the exception perhaps 
of the Oxford and Cambridge "tutorial" system), but 
the scope of possible group interactions is rather wider 
than this. Bligh, for example, has identified 15 small 
group teaching methods, all With somewhat different 
objectives. (Bligh,1972)
This points to a limitation in the teacher whose 
limited knowledge of small group interactions leads him 
to what Broadley describes as the typical reaction of a 
teacher faced with the silence of a normal tutorial - 
namely that he feels compelled to talk to fill 1 the 
gap of silence 1; consequently a mini-lecture evolves 
and the main purpose of a small group discussion is 
defeated. (Broadley, 1970)
Thus we come to the question that MacHamara 
asks when she considers staff/student interaction1 
‘What training is available for academic staff who 
wish to improve their teaching, and what account does 
this take of group dynamics?1 (MacNamara, 1972). Main 
provided us with the current answer to this in his 
recent article "Tradition is barrier to innovation” 
when he pointed out that of the 48 training courses 
which exist in this country (at the time of writing) 
the biggest single item of content in 40 of them is the 
theory and practice of the lecture method. (Main,1975) 
3*13 Teaching methods and adminstrative considerations.
In the discussion above I have tended to look at 
teaching methods mainly from the point of view of the 
teacher and: a little from the viewpoint of the student. 
There is however on other participant in the 
teaching/learning process, namely the educational 
administrator. Although as I have already pointed but 
(sections.9 ^he role of teacher and administrator are 
sometimes combined, it is convenient to focus on the
0
teacher as being in direct contact with the students 
and the teaching and learning process, whereas from 
the administrator's standpoint two factors are : 
important in making the teaching process efficient, 
student contact time and overall cost. It is obviously 
difficult to obtain realistic estimates of costs for 
various methods, because many of the costs may be hidden
ones, for example, off ice.''typing-and duplicating costs.
In addition it is necessary.A t - t  / to balance 
cost against effectiveness of a particular method of 
instruction.
In the light of this it is interesting to note 
that many research studies are concerned with comparisons 
of student contact time rather than with comparisons of 
cost. (Mackenzie et al, 1970) It may be that 
preoccupation with contact time rather than with cost 
is explained by an examination of what is real to a 
member of staff. The time when one meets one's students 
is a real event, a face-to-face contact, whereas the 
actual cost of materials that a member of staff uses 
is a hidden event. There is no doubt that seen from 
an administrative standpoint lectures are potentially 
much more effective in displaying information to a large 
number of students at one time than other methods, for 
example small group discussion.
However, if the general findings of comparative 
studies indicates that there is no detectable difference 
in -student performance after being subjected to a 
variety of different methods, then since the administrator 
has to make decisions and often needs some explicit 
guide, perhaps decisions should be based on other 
criteria, for example,student contact time.MacManaway*s 
findings that lectures were more efficient in terms 
of time than reading lecture scripts and notetaking
and that there was no difference in recall on a test
one week later, would tend to support this view (MacManaway,1970)
It would seen therefore that the task of the teacher
and the educational research worker is to try to see
what each method can achieve, work out the implications
for student learning and discover the needs of the
teacher in terms of preparation beforehand and his
role during the use of the method.
3*2 The learning process.
Since the focal point of the whole process is 
the student learner, it is logical to examine in what 
way he can be helped to learn efficiently and effectively.
With this as a basis it should then be possible to see 
what methods and techniques are available or can be 
developed to provide for these needs and promote the 
learning process. This section examines the learning 
process in terms of principles of learning theory 
which can be applied to practical learning situations, 
and section 3.3 then looks at methods and techniques.
3.21 'V/ A// /A/'v,,,
The definition of learning adopted in this 
study is the one often quoted in dictionaries of 
psychological terms,namely that learning is a change 
in behaviour resulting from experience. (Heindenreich,
.1970; Harriman,1972;Drever,1964). In some, ways this 
is rather an unfortunate definition since it 
immediately limits the notion of what learning is to
something that can he seen by an'observer. Expressed 
diagrammatically the relationship between some stimulus, 
learning, and the observed outcome is:
BEFORE
LEARNING
AFTER
LEARNING'
Stimulus
Stimulus
Learning
Observed
action
Observed 
action 
modified
This definition virtually neglects the point that the 
diagram makes, that is, that learning is something which 
occurs in the learner and as such is not directly 
accessible to observation. Learning can be said to 
have occurred if behaviour has changed, but this does 
not tell us what learning is or what other effects it 
might have.
Hilgard pointed out that learning is an inference 
derived from changes in performance, but that learning was 
not the only factor which could change performance. He 
listed fatigue, drugs, motivation, etc. as factors also 
causing changes in performance and in fact did not feel 
the need to define learning completely. (Hilgard,1951)
In the context of this study I am concerned not 
with a theoretical consideration of what happens to a 
student when learning takes place, but with a student’s 
observable performance on achievement tests and his 
expressed opinions about the methods and techniques 
employed. This definition of learning is therefore
acceptable since I am concerned with practical outcomes 
and hence practical principles of learning, that is, 
principles which produce immediately observable changes 
in behaviour.
There may however be long term influences, but 
hese are outside the scope of this study.
.3.22 '
In looking for practical principles from the 
theory of learning the first thing one finds is that 
there is no one theory, and the second thing is that 
most learning theories cannot be applied directly to 
the uncontrolled conditions of everyday life (Hill,1972,p.229) 
Fortunately it appears that there are certain principles 
which are themselves independant of individual learning 
theories and yet can be applied in the practical 
learning situation.
Before examining the. various theories of learning 
to see what the practical principles are,we should perhaps 
examine the statement made by Hill that most learning 
theories cannot be applied directly to the uncontrolled 
conditions of everyday life. At first sight this gap 
between the theorists and what is after all the very 
practical business of learning may appear surprising 
until one remembers that much of the experimental work 
on learning was performed under controlled laboratory 
conditions. Indeed some experiments were performed with 
animals and generalised to human behaviour.- Generalisations
from animals to human beings may have been encouragedty Darwin 
when in .."The Descent of lian", published in 1871, he implied 
that there is a continuum between the mind of man and the 
mind of animals (Barwin,1871,p.34); but to generalise 
from a rat presented with food for which it had to press 
a lever to the behaviour of a human being in the complex 
conditions of normal life v/ould appear a somewhat 
presumptuous undertaking. :
It is interesting to reflect that Herrick in.1926 
refuted the suggestion that there was any exact functional 
similarity between a rat’s brain and a human brain % ok 
(Herrick,1926), and yet some psychologists still appear 
to think of a rat's brain as a miniature version of a 
human one.
There may be a clue here in another 1920’s reference 
from Russell, who commenting on the behaviour of 
experimental animals said:
' animals studied by Americans rush about frantically with 
an incredible display of hustle and pep, and at last 
achieve the desired result by chance. Animals observed by 
Germans sit still and think, andlat last evolve the 
situation out of their inner consciousness.’(Russell.,1927*P*33)* 
This is not an isolated observation (Rosenthal,1966.p.176), 
and unless one admits of observer interaction in animal 
experiments by some form, for example, of:extra sensory 
perception, then one must seriously question the 
impartiality of the researcha?however sincere his
conscious intentions may be.
Researchers1 results and their conclusions may 
thus be unconsciously biased by their need, for 
example, to fit the observed facts into a particular 
theory. This is not a phenomenon confined to educational 
research workers - Fisher in commenting on Mendel’s 
monograph "Experiments in Plant Hybridisation" (1865) says: 
’Each generation, perhaps, found in Mendel1s paper 
what it expected to find;... Each generation,therefore,ignored 
what did not confirm its own expectations.'(Fisher,1936.p.137)
If this effect is a true one and it does seem to 
be rather well documented (Barber,1961; Boring,1962;
Koestler,1964),then it is interesting to reflect how far 
the animals in learning experiments merely act as 
vehicles for researchers’ ideas and conclusions. This 
would tend to render generalisations from animal experiments 
both more acceptable and more relevant to human 
behaviour, since the experimenters' ideas for animal 
experiments and their conclusions should reflect from 
his thinking generalisations about human behaviour.
3.23
From an examination of the main learning theories 
six overall factors which could apply to the practical 
learning situation of the student emerge. These are:
1.Physical, psychological, and social factors.
2.Factors of maturation and readiness.
3.The need for motivation.
4.The need for the student to be involved actively in 
his learning.
5.The need to relate new,work to existing knowledge.
6.The need for a continuous evaluation of progress. 
(Thorpe and Schmuller,1953; Miller, 1957; Gilbert,1962; 
Bigge, 1964; Ausube1,1967; Skinner,1968)
These do not form any basis for action as they 
stand, but if considered in terms of teacher/student 
interaction they can be divided^into-four catagories:
a)factors which affect both teacher and student and 
may be partially under their control (1. Physical, 
psychological and social factors.)
b)factors not under the control of either teacher or 
student,, ( 2.Maturation and readiness; which' depend 
perhaps on the passage of time). ■
c)factors which are the concern of both student and 
teacher ( 3 . Motivation, that is, the teacher can arrange 
the task to promote this, but it depends on interaction 
of a number of factors, for example, a student's 
perception of long and short term goals, attitude of 
students and staff with whom he is in contact, etc..)
d)factors under the control of the teacher, but which 
ultimately depends on activity by the student ( 4,5?
6, - active involvement, relating new work'to existing 
knowledge, and continuous evaluation of progress).
Although factors c) and d) are more directly the 
concern of this study, factors a) and b) are of equal 
concern,but in a different way.Factor a), physical,
psychological,and social factors, is in fact a deceptively 
simple statement which upon closer examination is found 
to conceal many of the factors which account for 
inadequacies in the classical, method of educational 
research. ( *See section $.4- ) For example, the 
difficultiesfc! found, in forming exactly similar groups 
are the results of:
Physical and psychological factors - heredity, age, 
learning ability, health (both in the long term and 
day to day fluctuation), concept of self, personality,etc. 
and
Social factors - relationship to other students, to staff, 
to physical environment, etc..
Factor b) which may not appear to be under the control 
of either teacher or student, may in fact be capable of 
being broken down into other factors, since as Ausubel 
points but, a student's readiness to perform an 
activity is in itself a product of two variables, maturation 
(not under the teacher's control) and previous learning 
experiences (this can be brought under the teacher's 
control and equates to the need to relate new work to 
existing knowledge, that is,to factor d). (Ausubel,1959«P*24-6) 
One should also remember that physical, psychological, and 
social factors will not only affect the student, but also 
the teacher, both in the preparation of his course 
material and in his presentaion of it to the student.
Factors c) and d), namely motivation, active
involvement, relating new work to existing knowledge 
and continuous progress, are not only under the 
control of the teacher hut can he expressed in terms 
of the needs of the learner:
the need for the student to he suitably motivated
the need for the student to be actively involved
the need to relate new work to existing knowledge
the need for the student to be able to evaluate
continuously his progress.
Although these are not the only practical principles 
which can be extracted from the literature of 
psychological learning theories, they are however 
principles which are capable of being applied to the 
practical learning situation. These principles derived 
without reference to the programmed learning movement 
are in accord with the basic principles of programmed 
learning.-'
5*5 Systematic approaches to course development.
The importance of programmed learning in this 
study is in the contribution it makes in bridging the 
gap between learning theories and the faded te-controls “re V  
the learning process and the needs of the individual. v
Principles of programmed learning include active involvement 
of the student in a gradual progression through a programme 
by requiring him to answer or select answers for 
problems posed throughout the sequence. Simple ideas 
are related to previous knowledge and more complex
material built on these. (Gilbert, 1968;HoHand,1959;
Margulies and Eigen,1962; Markle, 1969). Motivation 
in programmed learning is often considered in terms of 
reward and punishment by the immediate feedback of the 
right answers to steps in a programme, although factors 
of self-pacing and the apparent individualisation of : 
programmes may contribute to this. Skinner considered 
that students can be motivated by a controlled 
progression through structured learning material. (Skinner ,1954-)
Skinner is of course a leading figure in the 
programmed learning movement. The development of 
programmed learning and the parts played by the key 
figures have been the subject of many reviews ( for 
example, Hills, 1966 ).
In this country the programmed learning movement 
gathered momentum in the late 19501s and early I9601s, 
but after this initial momentum, in part artificially 
stimulated by the manufacturers of teaching machines, 
there were a number of investigations of more active 
alternatives including directed and self enquiry methods 
(Kersh,1962).Gradually there was a realisation of the 
somewhat narrow focus of the programmed learning 
movement (Leith,1969) and the techniques of programmed 
learning are now being seen in the wider context of course 
development. An example of this can be found in the 
1967 yearbook of the United States National Society 
for the Study of Education (Lange,1967)• Here the
process of course development is defined in the following 
series of steps:
i)the formulation of objectives.
ii)the design and testing of criterion measures to 
determine when the objectives had been achieved.
iii)the definition of a target population.
iv)the analysis of learning tasks.
v)the preparation of the programme.
vi)testing and revising the programme.
vii)the validation of the programme.(Lange, 1967)
Mackenzie et al. give a simple diagrammatic representation 
of this process. It includes the implementation of the 
course design if the objectives have been achieved, but 
re-examination of the processes if the original objectives
have not been achieved
Obtain andDecide methodsDefine objectives
prepare
v7' resources
/Jiave\
objectives
been
Vachieved/
Iry outEvaluate
Yes
Implement
(Mackenzie,Eraut and Jones,1970)
In. addition to the actual material content of a
course a systematic approach of this kind consists of
three basic steps:
l.lhe need for a careful analysis of the course to define 
what the learner should achieve.
2.A consideration of the methods and techniques available. 
3-An evaluation of and revision of the course ipj terms 
of the level of achievement set for the course.
A systematic approach of this kind ofsets the 
lack of definitive research evidence in this area since 
it tests course material in a practical situation with 
the students enabling improvements to be made.This type 
of approach is seen in the work of the present study and i 
in the methods of Postlethwaite and others reviex^ed 
■below!
3.31 V; . •
The systematic approach initiated by Professor 
Postlethwaite in 1962 in a Biology course was first 
called an "integrated experience approach", but has 
since been termed "the audio-tutorial approach". Since 
descriptions of the approach are many, both by its . 
initiator and his co-workers (Postlethwaite, Novak and 
Murray, 1964) and others, a detailed description of the 
method would be out of place. However, it can be summarised 
into three major study sessions:
1.A General Assembly Session (GAS) scheduled for one 
hour per week for all students.
2.An Independant Study Session (ISS) which can be taken 
at any time (7.30am - 10.30pm.) - equivalent to four
hours of conventional instruction - involving all students 
in an audio-tutorial study.
3.-^-n Integrated Quiz Session (IQS) scheduled for one 
hour per week and involving eight students.
The essence of this system is in the combination of 
group activities (GAS and IQS) with independant 
work.(ISS).
The General Assembly sessions are given over to 
lectures either by the senior instructor or visiting 
lecturers, and the Integrated Quiz sessions are based 
on the premise that students will learn by having to 
teach a subject. Thus it allows a student to teach what 
he knows about work conducted during the week. The 
Independant Study session is the flexible, independant 
study part of the system; for this the student uses an 
individual booth equipped with tape player and materials 
appropriate to a week* s work. Study is managed in weekly 
sessions and new material is provided each week. The 
ISS allows the student to proceed at his own pace, 
repeating material,if necessary, until the week’s task 
is mastered, (husband, 197^)
Postlethwaite emphasised the freedom which the 
student has to work at his own pace in the Independant 
Study sessions,, and his recent thinking on systematic 
approaches to learning was expressed in an article 
written in collaboration with Dr.R.H.Hurst "Mini 
courses -Focussing on the individual and his learning."
In this article the authors concluded that in systematic 
approaches it is important to recognise that success 
is more motivating than failure, that the learner is 
an individual and that a system should have maximum . 
flexibility and potential for adaptation to individual 
needs. Although the audio-tutorial system described 
by Postlethwaite obviously recognises the student 
as an individual by providing opportunities for him 
to work on his own, individual needs seem secondary 
to the need for maintaining a set rate of progress.
As indicated above a different task is set and has to 
be mastered each week.
Oettinger attributes the success of this system 
to the enthusiasm of Postlethwaite and his helpers.
He commented:
’where comparable talents can be mustered, comparable 
results may be expected, where not, the results might 
well be inferior to those obtained through conscientious
teacher-proofing.1 (Oettinger,19&9)
A second American system which has emerged was 
described in a paper by Professor P.S.Keller entitled 
”Ooodbye leacher...” (Keller,1968) .Concerned initially 
with a psychology course the system advocates the use 
of a sequential set of self-study units pursued by 
each student at his own pace. A student must demonstrate 
mastery of a unit by means of a written test before
before going on to the next unit, the test is immediately 
marked and problems and errors discussed with a 
student tutor.If the student fails the test he must 
study the material again before trying another test on 
the same unit. Failure to pass tests even on the third 
attempt or even later is not held against a student, 
and grade assessment of a course is divided into three,. 
30% being on a final examination, 20% on 10 laboratory 
exercises, and 50% on reading units. As with the 
Postlethwaite system, the Keller Plan, or modifications 
of it are being tried in a number of American 
institutions of higher education,(Green,1971) and a 
version adapted to English conditions has been tried 
with undergraduate courses at the University of Surrey. 
(Elton, Boud, Nuttall and Stace, 1972)
In Keller’s article which is mentioned above, 
some of the features were summarised ’which seem to 
distinguish it most clearly from conventional teaching 
procedures’.,;
1.The student moves through the course at his own pace.
2.The student moves on to new material only after 
demonstrating mastery of previous work.
3.Lectures and demonstrations are used for motivation 
rather than as sources of critical information.
A.The written word is stressed in teacher-student 
communication. ^
5.Repeated testing, immediate scoring and tutoring
enhances the personal-social aspect of the process.(Keller,1968) 
One basic difference between the Fostlethivaite 
audio-tutorial method and the Keller Plan is that in 
the latter, self-pacing is not artificially restricted 
by regularly changed assignments. If the student proceeds 
so slowly that at the end of the time available he has 
only completed a part of the course, then this is the 
part of the course on which he is assessed. This might 
be seen as a limitation of this type of approach,but 
only if a compulsory amount of course work is set. If 
the object of a course is to promote the development 
of the individual, then a set content no longer becomes 
of such importance. It is however by no means obvious 
that a Keller Plan course will by its nature promote 
this development. . :
Both the Postlethwaite approach and the Keller 
Plan are capable of being transferred to other 
institutions of higher education at varying levels 
of sophistication, either using a "systems approach" 
or a modified conventional approach to learning. For 
example, Green cited a course at the University of 
North Carolina which was 'the quickest entry into 
self-paced study I know' where 16 chapters of a ' 
conventional text-book were merely divided into eight 
2 chapter units with a set of fifty minute A problem 
exams, made up from the problems at the end of the 
relevant chapters. (Green, 1971)
Other American systems which have been developed 
include *Socratic-lype Programming” for a psychology 
course. This consists of sets of exercises made up 
of questions and answers on the content of a standard 
text, with classroom time devoted largely to a discussion 
of points raised by the questions.(Mahan,1967)
A system of "Autolectures and Seminars" forms 
the basis of a Physics course initiated by Professor 
A.Baez at Harvard University. For this the student 
engages, in independant text-book reading, problem 
solving activities and group activities. These group 
activities are "autolectures" which consist of tape 
recorded lectures with a linked series of overhead 
projector transparencies moderated by a teaching 
fellow. The teaching fellow can participate in the 
session as actively as he or the students wish to 
clarify points on the tape as difficulties occur.(Baez,1971) 
3.34-
Yarious other systems are in use,often with a 
high media component, for example,"Dial access-information 
retrieval systems" (Stewart,1967), "Learning carrels 
in a clinical course" (Chez and Eubiak,1970), and "A 
group controlled audio-visual system of programmed 
learning" (Le Marne,1972)* These are often patterned 
on one of the systems previously described,as, for 
example, Chez and Kubiak's method which has been modified
to make use of a Postlethwaite type approach.
In this country various approaches and. systems 
are being tried by the forces, (Bryer,1969), industry 
(Blunder,1972),and education. I shall confine myself 
here to a review of those concerned principally with 
higher education.
3-35 The Open University.
Pentz in an article on science teaching at the 
Open University described the method used there as 
’as an integrated multimedia teaching system*(Pentz,1970). 
In his explanation of the method he said that a course 
consists of 54- ’course units1, each of a week’s work 
(10 hours work per week) spread over 4-2 weeks from 
January to October* The units are made up of correspondence 
texts, prescribed sections of set text-books,associated 
loose leaf materials, .and self-assessment tests on 
separate sections of the texts and on the course units 
as a whole. Tests are related explicitly to lists of 
behavioural objectives. A computer is used to mark 
certain test material and thus keep track of the ■ 
performance of each individual student week by week.
Each student is in regular touch with an academic c 
counsellor in his locality who also receives data on 
a student if his performance drops. Each student also : 
has a correspondence tutor who receives assignments 
from every third or fourth unit to mark and comment oh. 
Marks from the assignments count tov/ards continuous.
assessment. 5% of the total learning time for a student 
per week is taken up with one half an horn's television 
transmission on BBG2 for each course unit (there is a. 
repeat of the programme at a different time each week). 
For students without BBC2, study centals are provided 
at different localities. Study centres also have copies 
of the programmes available on film. Students' practical 
work involves the use of a home experiments kit, and 
further practical work is carried out at a one-week 
summer school. The system is basically an attempt to 
integrate television programmes with a highly efficient 
correspondence course with emphasis on as much student- 
tutor contact as possible.
Regarding the impact of this system on orthodox 
universities, Elton commented that self-teaching 
innovations pioneered by the Open University are 
likely to be more significant than those of TV and 
radio, but that these components may make orthodox 
universities realise how much they over-lecture their 
students.(Elton,1971) It may be that Open University 
developments will do more to promote an awareness 
and use of alternative methods of instruction in 
higher education in this country than any single 
factor. '
3.36 Other developments in Great Britain.
The University of Sussex has been particularly 
active in promoting the cause of educational 
technology (Mackenzie, Eraut and Jones, 1970) and in
proposing possible systematic approaches to course 
work (Howson and Eraut, 1969). Hows on and Eraut were 
concerned with a ’proposal for a systems approach to the 
mathematical education of sixth formers in the arts 
and in social or life sciences1, and summarised the 
process in the same terms as considered in section 3*2:
a) defining objectives.
b) devising tests to measure when those objectives 
have been attained,
c) p^aring material to help to teach those objectives.
d) trying out and revising materials until they enable 
students to attain the desired standard of performance.
At the University of Surrey there have been two 
principal systematic approaches to course development. 
One, a systematic approach to a first year undergraduate 
course in electrical circuits has used lectures 
integrated with a system of self-tests and library- 
based material (Davis and Hills, 1972). Further 
reference to this work is of course made in the 
following chapters. The other approach has already 
been referred to as an English modification of the 
Keller Plan (section 3.32).The organisation and running 
of courses of this type used- in the University of 
Surrey are described in a paper prepared for the
Nuffield Group for Research and Innovation in Higher 
Education, (Boud and Bridge, 1974-)
There are indications of many other developments 
occurring throughout the country, (Stroud, 1971;
Buckingham and Jones, 1971; Haynes, Hills, Palmer and 
Trickey, 1974-) embodying elements similar to systems 
already described. For example, Stroud describes his 
systems approach to a mathematics course as having 
three main components:
1. the student working on his own through programmed 
material and examples.
2. large group meetings where the teacher demonstrates 
the application of techniques covered to typical 
'practical problems'.
3. small group meetings for tutorial, seminar, or 
problem-solving activities. (Stroud, 1971)
3-37 ■
In the systematic approaches to course development 
reviewed above there is a concern both with the systematic 
approach itself and the use of various audio-visual 
methods within this approach. Oettinger conveniently 
separates them into ’processes1 and 1 devices'.(Oettinger,1969) 
I have considered some of the systematic approaches in 
current use (the processes) and now turn .to a 
consideration of audio-visual methods at present 
available which may be of use in a learner centred 
approach (the devices).
'3*4* Audio-visual methods.
Although there is an increasing use of audio­
visual methods, as the recent Working Party on Central 
Arrangements for Promoting Educational Technology in 
The United Kingdom found, the use of audio-visual 
presentations in individual learning situations using 
a learner centred rather than a teacher centred 
approach has not "been fully explored.(HM30,l972)This 
is,I believe, explained in part by the attitude to 
audio-visual methods expressed in the term naudio­
visual aids”. This emphasis on audio-visual methods 
as aids is understandable when one considers that the 
teacher has always been, as it were, the centre of 
the stage. ‘The teacher is alx^ays there in any sort 
of class to be emulated and identified with...*(Perkin,1969) 
Therefore visual aids extend the lecturer’s range, without 
displacing him or damaging his self-concept. If these 
aids fail, as they have so often done in the past and 
still do (Oettinger, 1969), then they can be blamed 
and criticised for not fulfilling their supporting role.
This mechanical side of the educational process lends 
itself to use as a scapegoat for the ills of the 
educational process, and often lecturers may be 
apathetic ana unaware of ifcy. potential usei.(Hale, 1964)
3.41
A full description of devices could extend from 
a consideration of the blackboard, through books, to
video-recordings and computer-assisted learning. Here 
the devices relate in general to those described in later 
/chapters.
The two obvious omissions from the account which 
follows are the uses of television and the use of 
computers. In the work described in this study the 
emphasis is on cheapness, ease of use, and factors 
generally relating to appropriateness for student needs 
and use. To date, by reason of the nature of the 
medium and the relative difficulty in the'use of the 
equipment, television has often been considered as a 
lecture substitute.(Hesearch Unit of the national 
Extension College,1966) It may be that the new video 
cassette machines now being introduced and future 
developments in video discs ( Compaan and Kramer,1973) 
will rapidly alter the present situation. Cost is a 
dominant factor in the consideration of computer-aided 
instruction although as McIntyre says-,computers are 
likely to permit * higher order inductive learning; 
to give students random access to sound, motion and 
still pictures....1 yet 'viable systems of this 
sophistication are probably a good way into the 
future.1 (MeIntyre,1970) There are however obviously 
tremendous applications for computers in education.
(Black,1968) These applications are at present the 
sulqject of a number of University projects receiving, 
grants from the Hational Development Programme in
Computer Assisted Learning (Times Educational 
Supplement, 1974-)
3.4-2
Audio-visual methods divide conveniently into 
two categories, those with, a static visual display and 
those with moving visual displays. It is apparent from my 
own experience both with the material contained in this 
study , with demonstration tape/slide and cine : 
material in a Hotel and Catering course ,and work with a 
practical physics experiment (Elton, Hills and 0 * Connell,1972) 
that for most educational purposes visual material 
can be of the static kind. Hence for many purposes a 
combination of audio-tape recordings linked with either 
printed notes or 35mm.slides will suffice.
3.4-3
The devices used in my experiments were mainly 
the cassette tape recorder and the automatic slide 
projector. Published information on the use of these 
devices in this country came largely from medical sources, 
for example, from the University of Glasgow Department ’
of Medicine, Gardiner Institute (Harden, Lever, Linsay,
Watson, Dunn, and Holroydj.1970)
The use of audio-tape for medical instruction 
was largely pioneered in this country by Drs J and V 
Graves; who run the Medical Recording Service Foundation 
•which is a non-profit making activity of the Royal 
College of General Practitioners and provides
'teaching material in the form of slides and audio-tapes 
on long or short term loan. In addition it holds 
conferences on the use of audio-tape in medical teaching.
A report on the third conference which .was held in 
1970 indicated that the scope and the use of the medium 
in medical education is considerable.(Graves and Graves,1970) 
Harden, Wayne, and Donald report x^ ork in 1968 on the use 
of clinical tape-recorded lectures illustrates by.colour 
slides using a Phillips slide synchroniser. The pulses 
were recorded and played from the sound track of the tape 
on a reel to reel recorder to synchronise the visual 
material to the commentary. To find a convenient 
replacement for lectures, either for groups or single 
students this work has explored cheaper alternatives 
than the ones mentioned above, for example, slide viewers 
and cheap cassette play-back units,(Harden, Lever,
Linsay, Watson, Dunn and Holroyd,1970) and lately more 
exotic ones using tape/slide with stop facilities. (Carter 
Etchell, Stevei^on, and Harden, 1972) Similar equipment is 
reported as being in use at Exeter in an Engineering .
course(Buckingham,1972) and at Glasgow in a Biology 
course (Mainwaring,1973)• The basic projector in many 
tape/slide systems is the Kodak Carousel automatic slide 
projector often linked and synchronised by the Phillips 
LCH1011 synchronised cassette tape recorder.Examples of 
this are found in the Surrey Carrel of the University of 
Surrey (Hills, 1971 a) ) and the Audio-visual Desk of
St.Bartholemexv's Hospital (Burnard,1969). Audio tape, 
alone or used in conjunction with printed material 
has many possibilities in education (Yu-Chi Ho,1970) 
and an account of the use of audio-tapes with 
illustrative material in medical education has been 
given by the Department of Audio Visual Communication 
of the British Medical Association.(Engel,1971)
A summary of methods has been produced for the 
preparation and use of tape/slide presentations (Hilis,1970 t>) ) 
indicating the advantages and limitations of the method 
with especial reference to library instruction.Goodhue 
has used tape/slide lectures with success in a Zoology 
course at Trinity College, Dublin, and gives as his 
reasons for using them, convenience, repeatability, 
avoidance of time-tabling problems, and visual ■ 
clarity. (Goodhue, 1969)
Apart from developments in video cassette and video 
discs, the other main generation of devices entering the 
educational scene is the projector which is capable of 
sound commentary together with synchronised still or 
cine^  pictures. The system developed by D.B.C.Jesty of 
Chelsea College is of this type.It uses a standard cassette 
audio tape with playing time of up to one hour 
synchronised to 400 frames of double sprocket 16mm. 
cine film - picture size 10,r X 71/£n,• (Button, 1972) Phillips 
also have a system commercially available, the 
Cassettescope LCH 2020,which uses Super 8mm. film
(3600 frames) in conjunction"with, a standard audio­
tape cassette with a playing time of up to one hour - 
picture size 6}£,T X 434” .Although this type of device 
can combine the advantages of both sound cine'" film and 
tape/slide presentations in a small compass, a 
disadvantage is the lack of flexibility in revision 
of material and the cost of preparing the initial 
material. A typical PIP programme for industry has 
been quoted at £1,500 for the master copy, with 
additional copies at £10 - £15* (Chittock,1971)
It is difficult to generalise on the most appropriate 
educational use of audio-visual methods at this time 
(Hawkridge, 1973) and it may be that factors of ease 
of preparation and revision, ease of use, cost and the 
availability of suitable course material will determine 
the selection and use of audio-visual methods in 
systematic approaches.to course development.
3.5 Evaluation and Research Design.
The process of educational research can be expressed 
in terms of six sequential steps:
1. State the problem clearly.
2. State the problem in terms of questions to be answered 
or hypotheses to be tested*
3. Develop methods and techniques designed to provide 
objective data related to the questions or hypotheses.
4.- Apply the methods and techniques and collect the data.
5. Analyse the data in terms of the questions and hypotheses.
6. Draw conclusions from the data.
(Borg, 1963; Mouly,1970)
In scientific research these six steps, allied to 
the use of statistical techniques, enable questions 
and hypotheses to be clearly stated, sample groups to 
be matched and randomised, the results to be analysed,; 
means and standard deviations calculated, and techniques 
like analysis of variance to be applied. This implies 
however a concentration on the analysis of the data 
rather than on the data itself.
The basic difference between scientific research 
and research in the field of education is that the latter 
is concerned principally with Interactions between 
people.As I have already indicated (section 1.4) 
although numbers of books tell the research x^orker 
what to do and how? to do it they ignore the fact that 
people are not units but individuals.
The classical research method outlined at the 
beginning of this section makes a distinction between 
three types of variable, the dependant, the independant, 
and extraneous variables which operate under experimental 
conditions. The Importance of altering the independant 
variable for an experimental group while holding all 
others constant, is stressed. However, these books do 
not tell you how to do it. Holding all factors constant, 
except one, for an experimental group involves the use 
of a control group for which all the factors are held
constant, so that the only difference between the groups 
is the variation in the independant variable.
The notion of a control experiment is not new -Boring
cites an example of Pascal using it to determine the
weight of air in 164-9. Experimental control by use of a
control group appears to date from the late 19th.century 
and to link with the increased consciousness of the 
psychologist in the need for experimental design possibly 
due to the stimulus of R.A.Eisher (Boring, 1954-).
Comparative studies using control groups are used 
in many research designs; Campbell and Stanley give 
details of some 16 such comparative designs. They condemn 
the 'one-shot* case study (defined as a single group 
studied once after some treatment has been applied) for 
the absence of control and therefore lack of scientific 
value. (Campbell and Stanley, 1963)
Comparative studies are obviously vital to any 
study concerned with altering an existing state of affairs, 
but even Campbell and Stanley are careful to avoid 
condemning the single group case study which includes 
some form of before and after design as a basis for 
comparison. The disadvantage of a single group study of 
this kind is that , without some form of equivalent 
control group, any alteration in performance produced as 
a result of the application of some form of treatment 
is open to a number of alternative explanations.
The advantage of the classical research design is
that it seems to offer control of experimental work so 
that by manipulation of the conditions alternative 
explanations for the questions and hypotheses proposed 
can be eliminated.
One disadvantage of the classical design when used 
in an educational setting is, as I have already indicated, 
d d s i n t e r a c t i o n  between people.'
The method treats individuals as units (Friedmann,1967•P •5) 
where quite obviously they are not. Ho two people can 
react in exactly the same way to any given situation 
because there will be differences in background 
knowledge, cultural and. social background,.personality etc..
Because of these interactions there is likely to be
a)a difference in attitude to the experiment by different 
students and by the re search worker. ih:
The researchworker obviously hopes that the 
experimental work will provide some answers to the problem 
he is working on, but student; attitude will vary depending 
on whether he is a volunteer or unwilling participant 
and his perception of the purpose of the work - he may 
hot even be particularly interested in its purpose.
b)a difference in behaviour and attitude betitfeen different 
students to the research worker.
Depending on the individual student, attitudes 
towards the research worker may vary from trying to please
by producing the sort of results the student thinks are 
wanted, to deliberate non-cooperation perhaps because of 
a feeling that he is being manipulated.
The power of the classical method lies in its 
ability to control extraneous variables and to examine 
the difference in treatment between two equivalent 
groups, but from the discussion above it can be seen 
how difficult, if not impossible, it is to produce 
groups equivalent in every way.Not only can the results 
produced by a student vary,depending on his attitude to 
the research worker, but also the research worker*s 
own attitude to the work, personal experience and bias 
may well affect his interpretation of the data.(Rosenthal,1966) 
McGuigan puts this more strongly. He indicates that 
because of this factor the generalisation of any research 
undertaken by one worker from the particular situation 
in which it was carried out to any other may be 
impossible.(McGuigan,1963)
In the interpretation of results the existance 
of influence due to the research worker himself is not 
surprising, if we accept the principle given in section 3*2 
that learning often occurs by relating new knowledge to 
existing knowledge. Because of some previous experience 
an individual's perception of an event can be altered.
Davis and 8inha demonstrated this in an experiment 
where a story influenced the selection of information 
from a picture. (Davis and Sinha,1950)
Stricter control of experimental conditions can 
be obtained in the laboratory, but as I have indicated 
in section 3.2 this Is far removed from the complexity 
of the everyday learning situation. If the interaction 
between students and the research worker is considerable 
in the experimental situation, perhaps it is preferable 
to sacrifice some control of extraneous conditions by 
using a natural setting for experiments in order to 
reduce this interaction. This natural setting is often 
called “the field experiment" as opposed to the more 
controlled "laboratory experiment".
With the field experiment the situation is often 
accepted as it is found, and a method is applied to see 
what effect it will have. There is however the danger 
that with little or no control it will be impossible 
to relate any of the effects obtained to the manipulation 
of the method.(Restinger, 1953«P*137) Field experiments 
are only halfway towards a complete rejection of the 
classical method,and perhaps a more human approach 
should be advocated.
If the two main variables in this situation are
a)control of extraneous variables
b)the need to minimise 'non normal' forms of student/student 
and student/research worker interaction
then this can be represented diagrammatically as shown 
on the following page s .
High, control of Low control over
extraneous variables, extraneous variable*
Low control over Low control over
personal interactions. personal interactions*
At the opposite end of the scale to the supposedly 
rigidly controlled laboratory experiment' are completely 
unstructured situations, for example, the anecdotal 
method which consists merely of a two stage research' •* ' 
design, that is, observation,personal report* •
However the anecdotal method appears to be equally 
suspect for solving educational problems* The. main 
limitations of this research by personal observation and 
report are: \
1. The problem of gathering sufficient data to approach 
an adequate and unbiased sample size
2. The problem that ^r:epQrtingi.i.experiBnces^will bep;: > -^  ';: 
subgectotoetke''.limitations previously noted for the 
classical method, namely that of interaction between 
participants. This is especially relevant in this 
context as interaction is completely random and no 
attempt need be made to control or even note its
exi stance. ■
3. The students may not be able to remember accurately 
experiences or to pass them on accurately in an
Laboratory
exoeriment
Field
experiment
Humanistic
approach.
interview situation. They may also be unable to assess 
accurately their own experiences.
4. The research worker is perhaps more prone to bias in 
this type of situation, since personal experience tends 
to alter the perception of evidence in a direction which 
supports personal opinions.
Although,as Barnes.indicates,there seems to have 
been some disatisfaction with the classical method for 
some time (Barnes,19p7)} it is only relatively recently 
in this country that this disatisfaction has been made 
explicit in terms of a positive alternative to the- 
classical method in the educational field, namely what 
Parlett calls “Illuminative Evaluation".His views on 
the classical method and the illuminative method have 
been published in a series of papers (for example, 
Parlett and Hamilton,1972; Parlett, 1972). That this 
is a matter of some considerable interest is shown by 
the two recent short conferences, one at Churchill 
College Cambridge in December 1973 (MacDonald and 
Parlett, 1973 refers) and the other at the Institute for 
Educational Technology, University of Surrey in 
March 1973 (Boud,l973) both of which explored ‘non- 
traditional ‘ forms of evaluation.
Illuminative research (a term used by Trow, 1970) 
is concerned that investigators should i^ ork in three 
'stages
1. To observe and become knowledgeable about the scheme 
they are working in
2. To enquire further, selecting topics for sustained and 
intense enquiry with more focussed questioning 
3» To seek to explain ana
a)to look for general principles underlying the 
organisation of the whole programme.
h)to look at patterns in the course and the effectiveness 
of operation
c)to place individual findings within a broader 
explanatory context.(Parlett and Hamilton,1972)
Parlett and Hamilton indicated that the course; of 
the study cannot be charted in advance. By beginning in a • 
wide observational context, the investigator reduces the 
breadth of enquiry and concentrates on emerging issues.
I feel that it is difficult to do justice to the method 
in a short survey, but have picked out what appear to me 
to be some of the main difficulties with the method.
In illuminative research we are told that choice 
of research tactics follows not from research doctrine 
but from decisions in a particular case as to the best 
available techniques. However it is suggested that an 
information profile is assembled using data from four 
sources
observation,interviews,questionnaires.-and tests, 
documentary and background sources.
In the Parlett and Hamilton paper this is followed 
by a statement which is somewhat typical of the published 
work on this method1
’The illuminative evaluator is cautious in the deployment 
of such techniques (for example, for beacher-pupil 
interactions). In that they record only surface behaviour 
they-do not facilitate the .uncovering of underlying, 
more meaningful features.’
The statement suggests caution without full explanation, 
that is, how do you define meaningful features, or by 
what criteria do you judge them?
As another example of this we find (p.21)
’Unless most carefully prepared., questionnaires can lead 
to mindless accumulation of uninterpretable data,1 but 
no guidelines or even published references are given 
to allow the avoidance of this mindless behaviour.
The impression given.by the illuminative method is . 
that it avoids the problems of the anecdotal method and 
yet is more humanistic than the classical method. Parlett*s 
concern with avoidance of dogma and his stress on the 
reality of an untidy learning process rather than the 
artificiality of the tidy controlled experiment (Parlett,1972) 
is,I feel, wholely admirable. However although he and 
his co-workers may have a complete conception of the 
method, in the published work previously cited, numbers 
of inconsistencies come to light which detract from what 
I feel to be the essential feature of the method, namely 
that any investigation of a teaching/learning situation 
should be set and examined in a wider context than that
set by the limited framework of the classical method.
One final example concerns Parlett's apparently 
lax approach,even in his terms, to the problem of 
control. He advocates the selection of interviewees 
either randomly or by 1 theoretical sampling1 ( that is, 
by seeking but informants or particular groups who may 
have special insight) but he does not indicate or even •
suggest that he sees the problem of significant 
differences (in the non statistical sense) between the 
information gathered by these two methods and a need to 
consider how to treat the difference between them*. (Parlett 
and Hamilton,1972)
The educational researcher seems totally beset by 
choice problems, bpt perhaps the choice of a method of 
evaluation is the most crucial. Many educational researchers 
seem to forget the point made by Macdonald, that all 
evaluation is concerned with providing information for 
the decision makers.(Macdonald,1973)• The sort of question 
that decision makers are likely to make is not just 
whether it is more effective, but whether it is cheaper 
or more expensive, economic on staff time,and whether staff 
and students find the method acceptable.
If this is so then we must widen bur view and 
avoid the limitations imposed by statistical analysis.
At the same time we must direct our methods of data 
collection and analysis of this data towards these 
specific aims.
Chapter 4.
: ■ : THE PRELIMINARY EXPERIMENTS.
The preliminary experiments were designed .for the 
purpose of obtaining information on staff and student 
reaction to lectures and alternative methods of 
presenting material, and to methods v/hich gave students 
additional help with course material (section 1.2).
Three experiments were conducted:
a) A comparison of conventional lectures and tape/slide 
lectures, (section 4.1) : .
b) An investigation of a tape recorded lecture service, 
(section 4.2)
c) An experiment concerned with the replacement of
lectures by a written text and self-test questions(section4.3)
4.1 A comparison of conventional lectures and tape/slide 
lectures.
4.11. . V;- :
The aim of the experiment was to find out how 
staff and students reacted to an alternative to the lecture,.
In order to fulfil this aim I replaced the last 
three lectures of Professor Jackson's first year 
Structure of Atoms course (Autumn term 1969) by three 
tape/slide lectures which presented the lectures by 
means of 35™*slides projected on to a screen in the 
lecture theatre in synchronisation with a tape recording 
of Professor Jackson's voice. Section 2.1 discusses
the choice of this medium.
Student reaction was obtained both by means of . 
answers to questionnaires and by performance in the 
end-of--course examinations. Staff reaction was obtained 
by written comments from Professor Jackson after the 
first lecture and .at the end of the course.
4.11 Description of the experiment.
The main topics for the three lectures were? 
electron lenses, x-ray and electron diffraction, and 
atomic clocks, masers and lasers. Professor Jackson prepared 
a script for each of these lectures together.with 
details of the visual material which she would normally 
show on the overhead projector* Part of the script for 
the lecture on electron lenses has been placed in the 
Appendix(A. 1). she recorded the three tapes,which were 
edited ana all errors corrected and new materials-, 
inserted. 'The visual material for the first lecture was 
photographed by the AVA unit of the University and 
slides were prepared. Tapes and slides for the first 
lecture were then synchronised, using'a reel-to-reel 
tape recorder and slide synchroniser linked to an 
automatic Carousel slide projector.
Staff of the Institute for Educational Technology 
were then invited to preview the first lecture to assess 
the impact of the presentation in the actual lecture 
theatre (lecture theatre U) and to comment on possible 
revisions. Three points emerged from this initial showing.
a)The visual material which was initially hand written 
was criticised as not being sufficiently legible and a 
higher degree of professionalism was recommended.
b)H erely to project the correct visual material during 
a recorded lecture, often left on the screen for long 
periods, appeared insufficient to hold interest. It was 
judged not to reinforce sufficiently the spoken 
commentary.
c)The slides y which consisted mainly of mathematical 
formulae and their development,often carried too much 
information on one slide. 1
As.a result of this preliminary showing and 
discussions with members of. the I.E.T and A.V.A unit, it 
was decided that the visual material needed to be of 
two kinds:
a)visual material of low information content to be
removed from the- screen when not relevant to the accompanying 
commentary. .
b)high information content, acting as a summary and 
reference point for sections of fche lecture, to be held 
on the screen for longer periods.
The solution adopted was to use a split screen 
technique, using the left hand half of the screen for 
projecting reference material and the right hand half 
for points immediately relevant to the lecturer* s 
commentary. This could have been achieved by using two 
projectors and two sets of slides, but the cheaper
.■method'of using one projector which showed- slides 
printed with two images was adopted. The sample of
layout of the slides being shown at the left hand side 
of the script. To" overcome the objections to the hand 
written slides and achieve a degree of professionalism, 
a comparatively spaced typewriter was used to prepare 
the slides. The revised, version of the first lecture 
was then shorn again to members of the Institute for 
Educational Technology. Since no further major points 
were raised, the three lectures were prepared 'in this • 
form and subsequently shown to students.
4.12 Student reaction.
Student reaction to this experiment was judged 
mainly by answers to two questionnaires. (Copies of 
the questionnaires have been placed in the -Appendix A.2,
material in the Appendix(A. I) illustrates this - the
The first questionnaire was given immediately 
after the showing of the first taoe/slide lecture. The 
questions were of two kinds
a)*open ended” questions, designed to obtain students’ 
instinctive reactions to the tape/slide lee
(Questions 1
b)questions requiring choice of an answer either ^'good1 
’bad’ or ’neutral’, designed to expose students' like or
dislike on the tape/slide lecture. (Questions 2,4,
6,8,9)
The second questionnaire was given at the end of 
the experiment when I felt that students would have 
become more used to the methodsand answers would be 
more reasoned. In this questionnaire questions were 
mainly of two kinds:
a)Statements which called for agreement or disagreement 
with questions which had been given in the first 
questionnaire.(Questions 2,7,8,9)* These were given in 
order to see if students1like or dislike might change 
now that they had become more used to the method and 
when they were forced to make a choice between like
or dislike without the opprtunity to use a ’neutral' 
catagory of answer.This forced choice was one of the 
basic differences between the two questionnaires. In 
the first a three point scale had been used which was . 
basically 1good/neutral/badl The second questionnaire 
used statements with only ’agree/disagree'in an 
attempt to get students to commit themselves in one 
direction or the other, since results from the first 
questionnaire indicated that a relatively high 
percentage of students used the ’neutral' catagory, 
and students often did not-answer the "open ended 
questions.
b)Statements calling for agreement or disagreement with 
students’ comments from the first questionnaire.(Questions^-,5 
6,11,12,13,14).
4.121 Questionnaire given immediately after the first 
tape/slide lecture.
Humber of students answering =132
a) "open ended” questions (Questions 1,3,5,7)
These drew a varied response, question 1 receiving 
the greatest number of answers (129), the remaining 
questions receiving only 66 comments between them. The 
majority of comments fell into the following catagories* 
Dislike of the complete blackout while the tape/slide 
lecture was being shorn. (4® comments). Some students, 
stated specifically that they had wanted to take notes 
during this time.
The tape/slide lecture easier to follow than the other 
lectures on the course. (30 comments)."
The tape/slide lecture more impersonal than ordinary 
lectures. (24 comments)
Little difference between the two methods. (22 comments)
The .tape/slide lecture was too passive. (18 comments)
The tape/slide lecture was too fast.(10 comments)
Other comments made concerned the audibility of the 
tapes and the clarity of the visuals which were commented 
upon favourably. One student commented that I seemed to 
have forgotten books as a method of learning.
The largest number of comments was thus received 
on the blacking out of the lecture theatre. Although
it is easy to judge the relative importance of various 
factors after the event, this point had not arisen 
during the trials of the material, since no one concerned 
had wished to take notes. This indicates the difficulty 
of carrying out trials under conditions not exactly 
the same as those of the actual experiment. In subsequent 
showings of the tape/slide lectures the lights were 
only dimmed. . .
The other most frequent comments give an 
indication that of those students who expressed an 
opinio®, most thought that the tape/slide lectures were 
easier to follow than previous lectures, but complained 
that they were impersonal and passive. A number of 
students felt that there was little difference between 
the methods. This was not elaborated upon, but this 
is not really surprising as one normally only says 
if one feels that there is some difference,
b) questions used to indicate like or dislike of the 
tape/slide lectures.(Questions 2,4,6,8,9)
Question No, Percentage of
students.
2. I rate this method of presentation
better . ; 24
about the same 27 ■
worse '■ " Y - 4-9
than previous lectures.
4-. I can remember more 29
about the same 44-’
less 27
about this lecture than the previous lectures.
6. I understand more
about the same 
. less \ •
about this lecture than previous lectures.
8. Was the material in this lecture presented
too fast 38
gust right 58
too slowly? 2
9. Was this lecture too long 2
just the right 
length f 52
too short? 44
32
48
18
Judged by the answers to these questions,student
reaction seemed often to be that of dislike, 4-9% of
student answers rated it worse than previous lectures.
Questions 4- and 6 had been designed to confirm
students* like or dislike, since they could have little real 
basis for comparison of the amount that they remembered 
or understood. However,students may have realised the 
difficulty in Judging how they felt since almost half 
of them answered in the mneutral” catagory for both 
questions and many other answers were more or less' 
equally divided between other catagories. Answers to these 
questions indicate that students were answering 
thoughtfully.
In questions'8 and 9 over half the students again 
answered in the “neutral” catagories and this led me to 
design the next questionnaire (section 4-. 122). without 
this catagory.
4-.122 Second questionnaire given at the end of the series 
of three, tape/slide lectures.
Humber of students answering - 8 3  '
a) statements calling for agreement or disagreement with 
questions in the first questionnaire.(questions 2,7>8,9)
(The number in brackets indicates the question in questionnaire1
Statement- ■ Percentage of students.
Agree Disagree Ho answer
2.1’Tow I like this method of 
lectures better than 
ordinary lectures.(2) 21 78 1
7.fills method of presentation
seems to make things easier
to understand.(6) 34 59 7
8.1 found things easier to
remember in this sort
of lecture.(4) 35 64 .1 _
9.The material in the first
lecture of this type was
given too fast.(8) ; 47 52':' x.p--.;;
Students had now very firmly expressed their 
dislike of the tape/slide lectures,both in terms of comparing 
it with their ordinary lectures and in terms of how they
felt about their ability to understand and remember 
things from them. Answers to the question on speed 
showed that students were divided equally in their 
feelings about this, just as they had been in questions 8 
and 9 on speed and length in the previous questionnaire.
b) statements calling for agreement or disagreement ; 
with students’ comments from the first
questionnaire. (Questions 5>6,13.,]_2,13,14)
Statement Agree Disagree No Answer
4.1 did not like the 
complete blackout 
in the first lecture as I
was unable to take notes. 83 16 1
5.1 usually take notes in 
a lecture. 90 10
6.1 preferred the lights 
on during this lecture. 83 3.7
1.1.1 prefer lectures or 
tutorials by members 
of the staff as they 
give a personal contact. 76 23 1 ■ ' ' I .-:, :
12.In your previous 
questionnaire you 
did not mention books 
as a method of learning. 
I think books are very 
important in any course. 82 18
Statement Agree Disagree No Answer
13.1 found these tape recorded
lectures too passive. 95 4 1
14.1 did not get the same 
amount of involvement 
as with an ordinary l
lecture. . 59 40 1
. Questions 4,5y and 6 confirmed students V .comments 
in the first questionnaire, that they liked to take 
notes during a lecture and therefore preferred the 
lights on. Questions 4 and 6 were cast in this form 
to give some indication of the consistency of 
students’ answers. In practice all students answered them 
consistent, except one student who gave no answer to 
question 4. There seemed to be a consistency with 
those comments given in questionnaire 1, including 
agreement with the comment on books made by only one 
student on that questionnaire. :
c)additional statements in questionnaire 2.
Statement Percentage of students
Agree Disagree No Answer
1.1 have now become more 
used to this method of
presentation. 83 17
Statement Percentage of students.
Agree Disagree No Answer
3*1 should like all lectures
to he given in this way. 8 92
10.Now I find the material 
seems to be given at 
about the right speed. 55 46 1 .■
15.The notes given in the 
PSMS lectures are so full 
that I do not need to 
consult books. 68 30 2
16.1 usually try to consult 
book references after 
each lecture. 15 85
Students had become more used to the tape/slide method, 
(question 1) but, when asked to consider it in terms of 
wholesale replacement of lectures, disagreement with 
question 2 was almost unanimous. Question 3 was given 
to see if students then became more used to the method, 
and would find the speed of delivery more acceptable, but 
again opinions were almost equally divided. Questions 
15 and 16 were set as a result of the comment on 
books given in questionnaire 1. They indicate that a
considerable number of the students did not feel the 
need to consult books on the course and most did not 
look up the subject of the lecture in books after the 
lecture.
4.123 Comparison of students answering both questionnaires 
and their change of opinion.•
In sections 4.121 and 4.122 above, answers to the 
questionnaires have been considered in terms of all 
students who answered them. In this section students 
answering both questionnaires are considered. Thus 
it might be expected that the results will reflect 
more accurately the opinions of the students who had 
most experience of the tape/slide lectures, that is, 
those students attendjng at least two out of the 
three.
Number of students answering both questionnaires « 66
a) percentage of students answering questions asked 
on both questionnaires. -
The results have been compared against the questions 
asked in the first questionnaire. The "neutral” 
catagory did not exist in questionnaire 2.
Percentage of students* 
Questionnaire 1 Questionnaire 2.
'I rate this method of 
presentation
better 23 18
about the same 42 ' -  2 'V' 2
worse 35 81
than previous lectures.
I can remember
more 29 26 v': ' ■
about the same 47 ~ -
' less u 24 2 73
about this lecture than
previous lectures.
I understand
more- -: 229 ' : V
about the same 56 ; , ■ — . 2.7 -
less 15
about this lecture than
previous lectures.
Was the material in this
lecture presented
too fast 35 58
just right 56 / . —
too slow 6 41
By a comparison of the results for students on 
the two questionnaires (sections 4,121 and 4.122) it 
can he seen that the overall percentages of answers 
fall into the same categories, even though only 
approximately half of the students who attended the 
first tape/slide lecture were present at the third 
tape/slide lecture (this assumes that all of those 
present completed questionnaires!.This gives some 
measure of confidence that these opinions accurately 
reflect the feelings of the majority of the group of 
students who took this course. One further comparison 
with these 66 students was carried out to see if 
individual students' opinions were changed overr the 
period of the experiment. R-esults were as follows5
'Percentage of' students 
.uestion Question Question Question
dumber 1 Number 2 Number 3 Number 4
I rate I can I can Was the
this. y'-. remember, under material
stand presented
Change in questionnaire 
2 from: y  x | 11 \ ill 13
to
35 39 35 -r 35
X ^v/ ; i 0 0 3
o ->y 6 8 20 23
12 18 12 30
X I 54 23 17 3
No answer in one
or other of the 
questionnaires 0
Key (Question No. in brackets)
%/ = better (1), more (2,3), too fast (4)
0 -= about the same (1,2,3)> just right (4)
•X =. worse (1), less (2,3), too slow (4).
If only changes from X, or X are considered:
1 student changed his opinion on all questions in the 
second questionnaire, 1 student changed his opinion on all 
but one question (question l), and 18 students changed 
their opinions on one question out of the four.
Thus opinions of individual students as compared' 
across the two questionnaires were largely stable. This 
indicates perhaps that students make up their mind 
firmly about something on their first exposure to it, and 
that in this short exposure to tape/slide lectures the 
method was not sufficiently attractive as an alternative 
to the normal lecture. This was in spite of the 
recognition by some students that it was easier to 
follow.than the;ordinary lecture.
4.13 Staff reaction. -1.
Staff reaction was obtained by means of written 
comment from Professor Jackson after the first lecture 
to obtain her initial reaction,at the end of the series 
of three, and at the end of the course to obtain her 
later reactions after she had viewed the three tape/slide 
lectures. Professor Jackson viex^ed all of these lectures 
from the back of the lecture theatre.
4.131 Written comments from Professor Jackson after the 
first tape/slide lecture.
'Two slides were in the wrong order at the beginning ; 
reorder "Orbital accelerators", "Linear accelerators". 
Equation7.9 not labelled on first appearance.
Slides with equations should not he changed too quickly 
(This occurred with equations 7*1*7*2,and 7«8).f
4.132 Professor1 Jackson1s comments at the end of the 
third tape/slide lecture.
Good points - I put more time into the presentation 
before term started. The tapes can be corrected for 
slips of the tongue etc.. They provide a permanent record 
and there are more figures.
Bad points - No feedback, no contact. I am not sure if 
my presence adds anything.
None of us are used to it so we don’t know how to use the 
method to get the most put of it.
Personal contact matters to lecturers as well as students - 
I feel left out during the presentation!
4.133 Written comments from Professor Jackson at the 
end of the 1969-70 course.
’I feel that the work in the session 1969/70 ‘was a 
successful experiment in the use of tape/slide 
presentation of- lectures, iiy reactions from the lecturer’s 
point of view are as follows:
1.Considering this was a first attempt, I think we must 
give credit to the students for their attention and
cooperation. -However,there was a serious loss of feedback
and personal contact during and after the lectures. The ; 
interesting point here is that while one normally 
worries about the effect of this on the students, I found 
that the loss of contact affects the lecturer quite strongly
2 .The choice of material for the third lecture was about 
right. The two earlier lectures contained too much new 
theory and formulae. This raises doubts about how much 
of a normal undergraduate course can be presented in 
this way.
3.The real problem is one of pace of presentation. The 
spoken commentary could not have been any slower otherwise 
it would have.been ponderous. Nevertheless the presentation 
of information and hew ideas was much too fast. Unless
and until this problem is solved, it would be quite wrong 
to claim that these tape/slide presentations can 
significantly reduce the amount of time spent on the course.
The main points which emerge from Professor Jackson1s 
comments are that like the.students she felt that these ; 
tape/slide lectures were impersonal and ,for her, gave 
no opportunity for personal contact or feedback. She was 
also concerned, with the rate of presentation of information. 
Obviously she felt that new ideas were being presented 
too fast and related this to the actual speed of speaking, 
hence her comment ’the spoken commentary could not have 
been any slower otherwise it would have been ponderous.’ 
Since i found that her normal 50 minute lectures had
condensed to 15-20 minute tape/slide lectures after 
recording and editing, it would seem that it was not 
the actual speed of the commentary that had been changed. 
Rather it was the opportunity to repeat information 
if she felt that students were not taking it in, or 
for example, random pauses in presentation that-had 
been denied her. Her point that prerecording material 
helps to get it right is an important one as it shows 
that she recognised that lecturers do make mistakes - 
this could have important implications for staff 
marking examinations, for example, when a mistake' 
occurs in a number of student scripts.
4.14 Performance on Question 5 in the end-of-course 
examination.
The question arises: if tape/slide lectures are 
easier to follow that ordinary lectures (section.4.123)> 
are they more effective? Since effectiveness is often 
judged in terms of the end-of-course examination I 
checked the Structure of Atoms examination for 1969-70 
to see if any question had been set on the subject of 
these lectures. Although the examination had been set 
before this experiment I found that Question 5 had 
been given two years in succession and was on the : subject 
of one of the tape/slide lectures.(See Appendix A.5)
Thus, in 1968-69 the subject of the question had been 
taught by ordinary lecture and in 1969-7^ the subject 
had been presented by tape/slide lectures.
The number of students attempting the question 
over the two years was largely similar,
Number of students attempting Question 5 1968-69
■ 1969-70
The following null hypothesis was proposed:
That there is no 
significant difference between the mean 
scores obtained on a question given in ' 
an end-of-course examination by students 
having viewed a tape/slide lecture on the 
subject of the question and those having a 
conventional lecture on the same subject.
1968-69
(lectures)
1969-70
(tape/slide)
Number of students answering 
,Question 5 on end-of-course 40 -9 48 j
j PEM8 examination. .'V A-':' .
Mean score on question
(Maximum 20) 8
Standard Deviation 11 ■ ' ■ 3 1
Difference between the means = 1
This difference is not significant at 
the 0.01 level of significance.
This result is as expected,since a number of weeks
=  40 
= 4-8
elapsed between the tape/slide lecture and the 
examination,allowing students to engage in revision 
for the examination. Thus these factors could outweigh 
any advantages conferred by the method of presentation. 
However, it would appear that at least the tape/slide m 
method did not reduce the number of students 
attempting the question and did not cause them to 
do significantly worse than in the previous year.
4-. 15 '
The following points emerged from this experiment
a)The difficulty of carrying out trials under the 
conditions of the actual experiment.
The complete blackout during the first tape/slide 
lecture rendering it impossible for. students to take 
notes, and the subsequent discovery that most of these 
students take notes during the lecture, points strongly 
to the difficulty of Judging what are the most 
important factors to consider during trials of 
material . . . • '■■."■
b)Student dislike of the tape/slide lectures.
Students generally expressed a dislike for the
method and both the staff member and students 
mentioned its impersonal nature and the lack of 
feedback or involvement. In spite of this, a number 
of students found the tape/slide lectures easier to - 
follow than ordinary lectures.Students involved in 
the tape/slide lectures did not however avoid the
question set in the end-of-course examination on the 
same topic nor were their answers poor compared with 
those who had received conventional lectures on it.
c)Speed of presentation and the rate of presentation 
of ideas. . :
It would appear that It may he difficult for 
a member of staff to Judge their own speed of 
presentation in a lecture. Professor Jackson thought 
that speed of presentation was too fast, but students 
seemed fairly equally divided on.this point. The 
tape recordings did condense three 50 minute lectures 
into three presentations of 15-20 minutes length, 
but it was not that, the speed of the commentary had 
been changed,rather it was that the opportunity had 
been denied of repeating material or introducing 
random pauses into the presentation of the material.
d)Recognition by staff that they do make errors.
Professor Jackson’s comment that by pre­
recording the lecture material you can get it right 
shows that she recognises that members of staff can 
make errors. Ihe exercise of pre-preparation of 
detailed course material whether for pre-recording or 
for preparing structured course notes, could be an 
important process in leading staff towards a . 
recognition of human error in this situation.
e)Student study habits.
In this experiment students emphasised the
importance of taking notes,yet did not feel the need to 
consult books straight after the lecture, that is, 
at a time when lecture notes and book references 
would be most relevant. This seems to indicate either 
that the students did hot know how to study effectively, 
or that if they did know then they did not wish to 
make the most effective use of methods and materials 
available to them.
4•2 An investigation of a tape recorded lecture service.
The aim of the experiment was to make the lecture 
material available to the student in some form, after 
the lecture had taken place, to see if the material 
would both help the student and be recognised by him 
as helpful. I attempted to fulfil this aim by putting 
complete tape recordings of 15 of the lectures on this 
course (together with printed notes and diagrams^ in 
the library for student use. Student reaction was 
Judged by attendance at lectures, use of tape recordings, 
and by use of a questionnaire.Professor Jackson 
indicated.that she had no particular comments in relation 
to this experiment and therefore staff comments are 
not included.
4.21 Description of the experiment.
For several reasons I decided to use cassette 
tape recorders for the experiment.These recorders were 
very suitable for individual listening,relatively cheap, 
easy to use, and easy to carry about so that students
could use them either in the library or in their own 
rooms. Cassette tapes were also very convenient since 
they were light, easily stored, cheap, relatively 
indestructable and easily loaded into the recorder.
The equipment chosen for use in this experiment was 
the Phillips EL 5302 cassette tape recorder.This 
machine has proved extremely robust and has been used 
in all of the experiments described which involve the 
use of a cassette recorder.
For this experiment the first fifteen lectures 
given by Professor Jackson in her 20 lecture course 
PEM3 Structure of Atoms (Autumn term 1969) were 
recorded on a reel-to-reel tape recorder using a halter 
microphone. The recordings were then transferred to 
cassette tapes and made available in the library for 
student loan together with cassette tape recorders, 
earphones for individual listening'and folders containing 
summarised lecture notes. I realised very quickly in 
the initial period that the recordings would have to 
be supported by notes showing diagrams and mathematical 
formulae to render them intelligable.I was very fortunate 
in that Professor Jackson followed a prepared script 
very closely, and her diagrammatic and mathematical 
material was highly organised. This allowed the summary 
lecture notes which she had prepared to be used directly 
in combination with the tape recordings. The recordings 
and notes were generally available to the student on
the day after the lecture had been given. Three copies 
of each lecture were prepared.
4.22 Student reaction.
Student reaction to this experiment was Judged 
mainly by .
a)checking attendance at lectures.
b)consulting library records to see what usage of the 
tapes had been.
c)obtaining comments on the use or non-use of the tapes 
by means of a questionnaire.
4.221 Attendance at lectures.
The point had been raised that if these lectures 
were available as recordings,then students would not 
have to attend the lecture. Accordingly an attempt was 
made to count the number of students present in the 
lecture theatre for the lectures which were recorded, 
and for the lecture which followed it. This was based 
on the assumption that a large difference In attendance, 
that is,smaller attendance at Structure of Atoms lectures 
would indicate that students missed the lectures because, 
they could be heard on tape. A form (see the Appendix A. 7> 
was designed to help to count the number of students, 
but after the first week's trial the method was discontinued 
since it was found impossible to count heads from the 
back of the lecture theatre. The method finally adopted 
was to count the number of students entering or leaving 
Professor Jackson’s lecture over the ten minute period
between the end of one lecture and the beginning of 
the next, because it was actually only the differential 
that was required. This was possible since the same . 
students had a lecture in the same lecture theatre 
immediately following that given by Professor Jackson.
Results of attendance at lectures PEMS Structure of 
Atoms. Autumn term 1969.
1st.lecture in 
week No.
1 . ........ ...... ..
Difference in attendance b>h" 
behween number of students 
attending this lecture and 
the one following.
j 2 -2
+1
I ^
+2
6 ■- +1
"v 7 ;'i:-2 -:\V
Thus in this investigation, attendance checks at lectures 
showed that there was little change in attendance 
between these lectures and others on the same mornings*.
4.222 Library records of borrowings of tape recordings. 
Autumn term 1969.
Students were told at the beginning of the course
that tape recordings of the. lecture would he available 
in the library at least two days after the lectures were 
given. The presence of the microphone and tape recorder 
at each lecture acted as a reminder that the lectures 
were being tapediSince students were free to choose 
whether to use taped lectures, the use or non-use of 
the tape recordings should indicate whether the students 
recognised the help the tapes would give.
Humber of tapes borrowed in the eight week
period,October 21st,1969 to December 12 th.
- 1969 = 179
Mean number of times a tape borrowed = 12
Standard -Deviation =2.3
■
These records do not illustrate the enthusiasm 
with which the provision of the tapes was greeted by 
many of the students who used them. This impression 
is further confirmed by the results of a question 
asked in the questionnaire which is the subject of 
section 4-.321. Some students borrowed up to 17 tapes, 
but the majority borrowed up to four tapes during 
the period under investigation. Informal conversation 
with students indicated that tapes were used for 
revision,when a lecture had been missed, or when parts 
of a lecture had been misunderstood, although no 
particular times when tapes were borrowed most was
apparent from an examination of the records of borrowing
4.223 "User” and "Honusers” of taped;, lectures.
There was a strong possibility that, students 
might listen to one recording because of the novelty 
effect. However, it is reasonable to suppose that 
the students coming back to listen to more than one 
would be doing so because they thought they would 
be of help to them. 'To be certain that the novelty 
effect was taken into account, library borrowings of’ 
tape recordings were examined and those borrowing 
more than two tapes were designated "users” and those 
not borroxving tapes (or up to t*wo tapes) were designated 
"nonusers”.
Number.of "users" = 23
Of these, 14 students were Judged to be infrequent 
lecture attenders since they did not fill in the 
two questionnaires used to obtain results for the 
tape/slide experiment (section 4.1) or the 
questionnaire used at the end of the .course(section 4.3)
Department Humber of
1■ 1 
"users” j
Electrical Engineering 13
Metallurgy is
1
1
Chemical Physics - 4
Physics 1 ■
■
4.224 Questionnaire given to "users” and "nonusers".
A short questionnaire was designed to obtain 
comments on the use and nonuse of the tapes. A 
random sample of 10"users"was chosen and a random 
sample of 10"nonusers" (restricted to those students 
who did not use any tape recordings) was chosen.The 
relative numbers of students from particular departments 
was kept as in the sample of "users” (section 4.223).
The questionnaire was sent out to students through the 
internal post. A copy of this questionnaire has been 
placed in the Appendix (A.6). Since only 3 “users" and 
5 "nonusers" returned the completed questionnaire, 
it is impossible to conclude very much from the 
replies. Answers did however confirm that all the 
"users" had used the tape recordings and that none 
of the "nonusers" had. Informal conversations with 
students revealed that some students had listened to 
tapes in small groups, a fact which would not have 
shown on the library records. All of the "users" 
obviously knew that the tapes could be borrowed from 
the library, but only one of the "nonusers" said 
that he knew. At the beginning of the course students 
had been told that they were available from the 
library. They were also reminded after the third week, 
but it appears that this may not have been sufficient.
Replies to questions 3 and 4 are given on the 
next page.
3.If you did not use these tape recordings,were 
there any reasons for. this?
Summary of comments.
a) Hot really. I just didn't go to the trouble of 
getting them out. (Prom a"nonuser" who knew that they 
were available)
b) The principles to be learnt in the course are to 
be found in the notes. ( "nonuser" )
c) Diagrams are easier to understand than words in 
some subjects.( "nonuser").
4.Any other comments which might help us in the 
establishment of a tape recorded lecture service 
would be very welcome.
Comments by "users".
a) It would be better if tapes of solutions to
"key-fundamental** problems in learning certain
^ ;
principles were instead made. This would really be 
supplementing one's education.
b) One small point - Library staff did not always seem 
aware that the batteries in the recorders needed to
be replaced from time to time !!I
c) This service is excellent. However to provide an 
effective system this must be complemented by 
enthusiastic response from the lecturers. It was 
obvious that br. Jackson had taken a lot of time and 
trouble to ensure that the extended notes she 
provided corresponded with her lectures, so that
.maximum benefit was obtained from the course of taped 
lectures. .ml 2/ : V-p.4 ’
Comments by '"nonusers11. .
a) If people want to use the tapes, they will come 
and get them.;
b) Don't bother tape recording lectures, only absentees 
find them useful.
Although most of these comments are short and. 
to the point, they are not very helpful. However, the 
comment on the provision of tapes of solutions to 
key problems was in accord with my own thoughts on 
the use of tape/slide presentations. This emerged 
in the later system (section ^122)as a series of 
key problems presented on tape/slide for individual 
use in the library.
4.2$ Performance on the end-of-course examination.
The catagory of "user" and "nonuser" was used 
to examine student performance on the end-of-course 
examination. The following null hypothesis was 
proposed:
That there is no significant difference 
between the mean scores of students, 
using the taped lectures ("users") and 
those not having used them("nonusers") 
as measured on the end-of-course 
examination (PEIIS Structure of Atoms 1969-70
!! ."users" "nonusers"
I No.of students present for
| end-of-course examination. : 23 128
1 Me-an score on examination(^) 32 49.
! ■
j Standard deviation 14, 18
Difference between the means = 5
‘This difference is not' significant at the 0.01 level 
of significance, indicating that students who used the 
tapes do not perform on the end-of-course examination 
in any significantly different way from those who did 
not. This is in itself a hardly surprising result (as 
I have already pointed out in reference to the 
examination question related to a tape/slide lecture 
in section 4.2$). However, the finding that many, of 
the students borrowing tapes do not attend lectures 
(section 4.223) indicates that these students who 
for some reason lack the interest or motivation 
to attend, may have found tapes helpful in working 
through the course, for there appears to be no 
difference between "users1' and "nonusers" of the tapes 
on performance in the end-of-course examination.
4.24 The following points emerged from this experiment:
a)Many of the students using the tapes showed 
considerable enthusiasm for them. The tapes were used
for revision, when. a lecture had been missed or when 
parts of a lecture had been misunderstood.
b)lhere is evidence that the frequent users of the 
tapes were normally infrequent lecture attenders. This 
may indicate that those students who have little 
enthusiasm for the lecture method find tapes useful
in preparing for the examination.
c)The provision of tape recordings of lectures did hot 
cause any apparent change in the attendance at lectures. 
This reinforces the previous point on non-lecture 
attendance.
d)Providing cassette tape recordings of the lectures 
at first proved difficult,(Hills,1971 b)), but as a 
result of their experiences-the AVA unit of the 
University worked out a system whereby three cassette 
recordings of a lecture could be made while the lecture 
was being given. This systemrwas used for recording 
lectures for the main experiment as described in
chapter.5*
4.3 An experiment concerned with the replacement of 
lectures by a written text and self-test 
questions. •
The aims of this experiment were to find .out 
how staff and students reacted to the introduction of 
an alternative to the lecture and to see if students 
would both be helped by the method and recognise it as 
helpful.! attempted to fulfil these aims by replacing
Dr. Stace's 1st. year Structure of Molecules course 
by three booklets which incorporated both written 
text and self-test questions, and two short lectures 
which were given by Dr. Stace. Student reaction was 
obtained by answers to a questionnaire given at the 
end of the course. Tests on knowledge of content were 
also given. Staff reaction was obtained by means of 
an informal interview with Dr. Stace at the end of the 
course-. '
4.31 Description of the experiment.
The last three of Dr.Stace*s lectures in his 
PEM3 Structure of Molecules course (Spring term 1970) 
were thus replaced by a system which consisted of 
three printed booklets1 
Books 1 and 2 on.Ionic Bonding 
Book 3 on Van der Waal’s forces.
The student was first handed a two part test:
Part 1 - a test of knowledge that the student should 
have before attempting the material on Ionic Bonding 
in book 1.
Part 2 -.a test to see if the student already, knew the 
answers to questions on the material through which he 
would be working in book 1.
A summary of the answers to the second part was handed 
in for marking, and the student was then given book 1 
on Ionic Bonding which contained:. 
i)the answers to the first part of the test.
This enabled him to determine his own state of - 
.knowledge prior to working through the material. Answers 
were keyed to pages in the booklet which gave a 
further account of the subject of the question.
11)the information content for the first part of the 
work on Ionic Bonding, and a section at the end which 
contained the reference material for the test and 
basic information which was cross referenced to the 
text by underlining certain key words. This cross 
referencing in the text was based on the assumption 
that if students did not look up gaps in their, 
knowledge at the beginning, they were more likely 
to do it if they found that they were unable to understand 
fully the reference when they came across it in the 
text. To illustrate this,sample material from the 
first test and material from book 1 have been placed 
in the Appendix (A.8) ;
Books 2 and 3 were designed on similar lines.
The emphasis in this experiment was on giving the 
student confidence with the material,'getting him to 
a state of readiness before the short lectures which 
followed, and not, as is usually the case, using 
the lecture to introduce the student to the ideas 
and then letting him work virtually on his own to 
develop the subject.
The two short (20minutes) lectures were:
i)on Ionic Bonding ,given at the end of the second
lecture period, smd
ii)on Van der Waal's forces ,given at the end of the 
third lecture period.
4.32 Student reaction.
At the end of the course student reaction was 
judged by a questionnaire containing two main types 
of question:
a)questions which asked students to give their like 
or dislike of the three experiments. These have been 
described in sections 4.1 to 4-. 3
b)questions requiring choice of an answer,either "good*, 
sfbadw ,or "neutral".These were the same questions that 
had been asked in the questionnaire described in 
section 4.121. Student reaction was also judged by 
performance on tests of knowledge of content for
book 1 (Ionic Bonding)as described in section 4.322.
4.321 Questionnaire given at the end of the course..
(A copy of this questionnaire has been placed 
in the Appendix A.4)
a) Questions asking for like or dislike of the three 
experiments.
By asking for like or dislike at the end of the 
course I hoped to obtain a reasoned comparative judgement 
on students' feelings about the experiments.
The results were as follows:
1
j Nolstudents
Percentage of students.
'3 Like Have no feelings Dislike' 
either wayj answering.
iTape/slide lectures 7  ^
j (section 4.1) 22 ■■ ■■■.',■■33'\ l 1 45
1
Tape recordings of 
lectures.(section 
4.2)
s
79 21 0
■ ■ ■ ■ . :
.
Written text and oq 
self-test questions, 
(section 4.3)
79 15 . 5 I
The trends which have been noted in sections 4-. 1 and
4.2 still emerge here, namely that the feelings about 
the tape/slide lectures is often that of dislike and the 
feelings about the written text and self-test question 
experiment is that of like. In connection with the 
tape/slide experiment it is appropriate to note that of 
the 45 students who answered both the. second questionnaire 
on the tape/slide lectures (section 4.122) and this 
questionnaire, 33% of the students did not change their 
opinion from dislike, whereas 30% changed their answer 
from ’dislike1 in the second tape/slide lecture 
questionnaire to ’have no feelings either way’. A large 
number of the 'have no feelings either way’andwers might 
thus be taken as at least biased towards dislike of the 
method.
The number of students answering''.the question on the 
recorded lectures is so small, that no comparison can be . 
made, but the responses would seem to back up my opinion: 
that generally those who used them liked them. If the 
attitude of students answering the question on the 
tape/slide experiment and the written text and self-test • 
experiment are compared then the resuits;are: k
Humber of'students answering =80
Attitude for the Attitude for Percentage of students.
tape/slide experiment, this experiment.
X ; . ' o
o '■ X %
X ■ V : . ■ 35 yd.
. ■ 0 ' v . 20
✓ ■yV: y 16
1 ' ■ X ■; ■" : K
' o 0 9
0
5
x :• 0 i
No answer for the first question. 1 ' 9 ' ; : " ,
Key
</ = Like ; 0 = No opinion either way ; X = Dislike.
This result indicates that over 50% of the 
students liked this experiment whereas they expressed 
either feelings of dislike or no feelings for the tape/slide 
experiment.
b) questions requiring choice of an answer either 
"good”, "bad”, or "neutral”.
These questions were the same as those asked 
in the first questionnaire for the tape/slide 
experiment (section 4.121). Results were as follows:
(The number in brackets after the question indicates 
the number of the question originally asked in the 
tape/slide questionnaire.)
Number of students answering these questions = 80
Referring particularly to the 
work on Ionic Bonding that you
have just done. ' Percentage of students
I rate this method of presentation
better 54
about the same 41
worse' :■ . y ■ 5 . ■
than previous lectures. (2)
I can remember more 44
about the same 51
less 5
about this lecture than 
previous lectures. (4)
Percentage 3f students.
I understand more 4*3
about the same 4-7
less 10
about this lecture than 
previous lectures.' (6)
Percentages on all questions reflect student
liking for this experiment compared ‘-with dislike expressed
comments are given below*
All comments by students for question 4-.
Shorter lectures combined with books such as these and 
compulsory questions to be handed in, say next day, 
would be a good idea.
An excellent selection of "booklets" which more than 
supplement the notes. The explanation of the majority 
of the topics,especially in Ionic Bonding,could not be 
bettered.
Learning by means of the three books offered no advantage. 
Students may as well read the subject matter- directly 
from textbooks with nearly as much benefit. The great 
disadvantage with this method was* t hat it was difficult 
to know which points should be emphasised as there was 
no lecturer to do this.
The cross referencing system used was most helpful in 
comecting misapprehensions and mistakes.
How can one be.expected to comment of like or dislike 
without having measurable time to digest or re-read 
the literature. You are promoting "parrot fashion" 
learning and not comprehension by giving a test before 
and after a few minutes reading.
Not very successful - rather a waste of time.
There were three other comments of a neutral kind.
The number of comments were balanced in terms of 
like and dislike, but the two points worthy of note 
were : '
a)that one student recognised the need for time to 
/digest1 what he was reading.
b)the recognition by another - student that in an or din airy 
lecture the lecturer often emphasises the points that
he considers to be important.
4.322 Pre and post tests In Book 1 (Ionic Bonding^.
By concentrating on the elimination of cheating 
during the tests for the first book it was possible to 
attempt some evaluation of recall of content material 
for this book. Students were asked to cooperate in 
maintaining examination conditions for the tests on 
the first book and were carefully observed during this 
time. However, since students worked at different rates, 
after the first book this close observation was 
discontinued. rtesuits of tests for the other two books 
are thus hot considered as they may not accurately 
reflect an Individual's own work.
It was not possible to use any comparison based 
on the end-of~course PEM3 examination,since no question 
had been set which covered the material contained in 
this section of the course - the examination having 
been set before the experiment was designed, 
i'he results for both the pre- and post tests are as follows:
J S20 pETRCErNTHGS: 
STUPSNTS
s b  —  H2s —  mm —  mm —  i m m  
FSRCSNTPSE MBBK
• Percentage 
Mark.
Percentage
Students.
Pre-test
0 - 1 0 "'1 4 :
11 - 20 19
21 *- 30 0
31 - 40 47
41 - 5° • 0
51 - 60 17
6 1 - 7 0 0
71 - 80 ii
8 1 - 9 0 .■ 0 g
91 - 100
Post-test
0 - 1 0  ; :. 0
1 1 - 2 0 0
21 - 50 0
51 - 40 ■ 0
4 1 - 5 0 0
51 - 60 3 :
61 - 70 0
71 - 80 17
81 - 90 0
91 - 100 80
Pre-test
Post-test
lumber of students completing the tests =109 
Mean score on pre-test = 45%
Mesm score on post-test = 92%
If these means are regarded in terms of gain score 
as a proportion of possible gain or 1 gain ratio1(KcGuigan 
and Peters,1965)
i.e. actual gain score 92 - 4-5 47 = 0.8 .
possible gain score 100 - 4-5 55
then a gain ratio, of 0.8 indicates that there has been a 
considerable retention of knowledge of content at the end 
of this experiment. Hence the generally expressed liking 
for this method combined with the effectiveness in 
terms of retention of material would seen to Indicate 
that this method was both supplying effective help to 
students and was recognised by them as being helpful.
4-. 55 Staff reaction.
Dr. Stace gave a 20 minute lecture after Books 1 and2 
and drew attention to particular points of difficulty 
in the books.
His comments at the conclusion of this lecture were as 
■follows:.
I) He felt that he had given a much smoother lecture 
than his normal lectures and had been able to concentrate 
on particular points of difficulty rather than going 
through dull routine work which.the students could read 
up for themselves.
Ii)He said that following the experience of this method, 
he could visualise that his lectures could be given in 
a much shorter space of time if the students read up 
notes beforehand.
iii)He said that he considered this experiment as a 
’paper pushing1 exercise, hut did not define this.
He was asked recently (1975) to reflect on his 
last statement and now says that since this experiment he 
has had experience of running "Keller Plan" type courses. 
He now feels' that any new method is bound to present .. 
difficulties, but when used regularly (that is, from 
one year to the next), the problems of paper work reduce 
themselves to manageable proportions. (Hills and 
Stace, 1974)
4.54 The following points emerged from this experiment:
a)Iiany students expressed a liking for the system used
in this experiment and over 30% of the students expressing 
an opinion on this and on the tape/slide experiment 
liked this system better.
b)ivnere was a considerable- retention of knoxvLedge of . 
content at the end of this experiment. Taken in 
combination with the expressed liking for the method this 
indicates that this method is both suppying effective 
help to students and is being recognised as being
■ helpful. "
c)Staff may initially be upset by a method which increases 
the number of things to be taken into account, in this 
case additional paper work. fhis reflects perhaps the 
member of staff’s lack of experience of other methods.
This initial reaction tends to disappear as staff become 
more familiar with other methods.
d)it is difficult'to capture what may be some of the 
important results of these preliminary experiments. I 
have already referred to the enthusiasm of students who 
used the tape: recordings of lectures. The dimension that 
these results seem to lack is reflected in -words like 
’enthusiasm* and ’excitement*. In the tape recorded 
lecture experiment enthusiasm and liking have been linked, 
and in the same way/the experiment which is the subject 
of this section students have spoken enthusiastically, 
yet informally, about the system. The only way I have 
been able to document this has been in terms of 'like 
or dislike on 'a questionnaire. '
4.4 Conclusions leading to the design of the main experiment.
Two of the main conclusions from the preliminary 
experiments were that students liked the system which' used ■' 
self-test questions and reference materials, but 
disliked the tape/slide lectures.
One of the basic differences between the two 
methods of presenting course material was that the 
tape/slide lectures were merely substitutes for the normal 
lectures where students sat passively in a group,whereas .
in the other experiment students were actively involved
as individuals in working through the material. In the latter
experiment the self-test material and written text gave
them a large measure of information on their progress hi 
through the material.
I decided to conduct a further experiment which
gave students this measure of control and which would 
test hypothesis arising from these conclusions. Two main 
hypotheses suggested themselves, namely that•
a)students who regularly receive information on their 
progress would use reference materials to obtain further 
help with their difficulties in course material.
b)students who regularly receive information on their 
progress would do better (as (judged by performance on an 
end-of-course test and examination) than those who did not.
The main parts of the system used in the experiment 
which is the subject of section 4.3 can i e  shown : ; 
diagrammatic ally as follows: > t y
Complete and mark a test
of knowledge that is
required before beginning, 
(Rreknox^ledge test J ____
If -answers 
correct
Head written text on 
Ionic Bonding. *
If answers
incorrect ->
Head reference 
material , 
provided
Complete and mark 
a self-test on the 
contents of the 
written text.
If answers, 
correct
If:answers
incorrect ->
Read reference 
material 
provided
I therefore decided to design a similar system to
provide self-help for the students, hut on a more 
extensive scale with all of a first year course. This would
enable me to test my hypotheses and also enable me to
work out the problems of organisation and cost which a 
lecturer would have to face if he introduced a system of 
this kind.
The system which evolved was based on the findings 
of the preliminary experiments,the practical principles 
of learning described in chapter 3 ? section 5*2 ) and 
certain practical constraints imposed by the existing 
course. The use of the self-tests, the library records, 
questionnaires, and results of the end-of-course 
examinations enabled me to test the hypotheses outlined 
above and also to obtain information on student reaction
to the system and' to examine their study habits in relation
to the materials provided.
Chapter 5-
THE MAIN ESPERIIIENT:An investigation of a self-teaching 
system which uses self-tests and library-based 
reference material integrated with lectures.
The aim of this experiment was to investigate the ; 
application of a system which gave students information 
on their progress and provided reference materials to 
a first year undergraduate course, ^his investigation was 
framed in terms of two main hypotheses,stated towards the 
end of the last chapter
a)that students who regularly receive information on their 
progress would use the library-based reference materials • 
to obtain further help with their difficulties on
course material.
b)that students regularly receiving information on their 
progress would do better (as pudged by performance on
an end-of-course test and examination) than those who 
did not.
Student reaction was obtained by means of 
questionnaires and by investigating records of borrowings 
of the library-based reference materials. Student 
progress was examined in terms of performance on a 
pre-knowledge test, a revision test at the end of the 
course, and the end-of-course examination. Staff reaction 
was obtained by means of written comments and informal
conversation, -in investigation of the time involved and 
cost in initiating and running the system has been placed 
in the Appendix (A.27J
The lecture course which was the subject of this 
investigation was %*.Q.V.Davis1 first year PSMS course 
Electricity II, which took place during the Autumn 
term 197^ .(10 lectures) and Spring term 1971 (5 lectures). 
Students also had one hour per week tutorial contact 
time in groups of 6 to 8, all tutors being members of 
academic staff from the departments concerned with 
the students' main subject.
The aims of the course as defined by Mr. Davis 
and printed at the beginning of the lecture notebook 
for this course were to introduce the student to a 
study of three problems:
a)How do electric circuits behave?
b)How can methods of analysis be refined to enable one 
to cope with complicated circuit systems.
c)How can electrical circuits be used to perform to 
a required specification?
In this course the student audience was a mixed 
one, having mixed needs and backgrounds. On one hand 
there were the Electrical Engineering students for 
whcm the course was absolutely basic. It formed the 
foundation for a large part of their future studies, 
and it was essential that they gained a thorough 
knowledge of the whole course and plenty of problem - 
solving practice. The choice of topics had to be such that 
they led on to the more advanced techniques for solving 
electric circuit problems which they would learn in their
second and third years. On the other hand there were other 
students,students from the departments of Chemical Physics and 
Physics,who would not be concerned with circuit design in 
later years and simply needed basic groudwork. Because the 
needs of the students varied,their motivations also varied 
and so did the time they were prepared to devote to the 
sitject. Their backgrounds also varied,!or a few students had 
already studied the.subject to some depth,while others probably 
had little knowledge of electricity.
All points relating to the course and de-sign of the 
self-teaching system were agreed and finalised with Mr. Q.V. 
Davis before being implemented. After discussion with Mr.Davis 
it was agreed that rather than convert the whole course into 
a written text as had been done for the experiment described 
in section 4.39we should keep the course of lectures to form 
the central backbone of the system,with self-tests and 
reference materials acting as a kind of "selfAhelp" support 
'system.:'
I was in agreement with this decision since I had no 
definite evidence to argue that lectures should be omitted, 
rather the reverse in fact since in the experiment in section
4.3 lectures had been used to enlarge on possible difficulties 
the student might be having.One possible disadvantage in 
keeping the lectures was that the course was not self-paced, 
an advantage claimed by programmed learning methods (Hills, 
1966. p.9) and by Keller Plan-type courses (Keller,1968). 
However it is by no means certain that self-pacing,that is, 
allowing the student to work at his own rate,is the best 
way.to promote efficient learning.lt is likely L.
•that some fbrm -of pacing is desirable to keep those
students moving forward (that is, actively involved in 
the course) who have a tendency, if left to themselves, 
to do very little. The nature of the system used in this 
study was however such that for someone who wanted to 
work completely at his own pace, the tests, the tape 
recordings and the library-based reference materials, 
were available.
5.1 Design of the system.
In the design of the system, I adopted the basic 
approach outlined in chapter 3 (section 3*5),namely to
a)analyse what the learner should, achieve
b)consider the methods and techniques
c)evaluate and revise the course.
5-11 An analysis of what the student should achieve.
In the design of this system there was a need to 
define the intended outcomes of the course in terms of 
a series of self-tests given at intervals throughout 
the course. This was done by preparing a detailed 
breakdown of course contents and then deciding on the 
intended outcomes of each part. These outcomes were 
expressed by Hr.Davis in the form of a series of 
questions. These were then tested'with students as 
indicated in section 2.4. - . .
5.12 Consideration of methods and techniques.
The basic requirement of the sVstem was that it 
should provide self-help for students along the lines
of the system previously described (section 4.4) 
The systematic approach which was.proposed was
pre-knowledge test answers ->! library based 
reference materialincorrect
answers 
correct X tutorials-
tapes of
lectures
lectures <- £
self test answers ->incorrect
answers 
correct ^
5.121 The self-tests
Perhaps the most important feature of the approach 
were the self-tests,since these were designed to give 
the student his direction -all the resource materials 
were keyed into these.The self-tests consisted of firstly 
a preknowledge test, designed to show the student what 
he should know upon entry to the course, and secondly 
tests given at predetermined intervals. The latter 
tests were designed to test material of the course. 
Details of the timing of the self-tests and specimen 
self-test material have been placed in the Appendix A.12 
After completing a test ,the student was given an answer 
sheet which enabled him to mark his own answers. Thus 
he was able to see immediately in which areas his 
knowledge might be weak. The references which were keyed
in to the test answers were in the form; of book references 
and tape/slide presentations.
5.122 The reference material.
I judged that the amount of reference material 
involved in a whole course would be too large to handle 
in lectures (Dr. Stace‘s 'paper pushing1 remark, section 4-. 55) 
Prom my experience in placing the tape recordings in the 
library (section 4-.21) where they were available ff :' 
throughout library opening hours, it seemed that this 
would be the best location for the reference material.
I had hoped to duplicate copies of specific 
reference material from books, so that if a student 
answered questions.on a self-test incorrectly and then 
asked the library for reference material,he could be 
given a copy to keep. Informal conversations with 
three publishers indicated that although permission 
might be granted for duplication of book, material 
'for research purposes',the positionwas somethat ' 
delicate and that this should not be thought of as 
something that could be done on a large scale. Thus '
since it was judged important that the system being 
developed should be capable of being- operated under 
normal conditions, it was decided not to adopt this, 
but to use a number of copies (6) of the relevant 
books held in the reserve bookroom of the library 
and available on short term loan. Copies of all of the. 
books were also available on the normal library shelves.
To find out whether the concept of using specific 
page references to explain difficulties in the course 
was possible, I prepared a breakdown of course contents 
(see the Appendix A.13), and asked members of the 
Electrical Engineering department a)if they thought that 
it was possible to do this, and b)iffthey could suggest 
possible books for use in this way and,where possible, 
specific page references. There was some difference of 
opinion on whether this was possible or not,(section 5*32) 
but a number of staff members helped in suggesting' 
books which might be suitable for the course; finally 
Dr. G.Brown undertook to develop the final list of 
books and to relate the self-test questions which Mr.
Q.V.Davis had produced to specificpage references in 
the books. . . f ' ; 1 ..y
Where it was judged that either a topic needed more ; 
explanation,or no suitable reference could be found, a 
means was sought to supply the explanation to. the ' 
student using original material generated by members of 
staff of the Electrical Engineering department.
Duplicated sheets of summary notes could have been used, 
but I had the idea that this additional explanatory 
material and a proposal by Mr. Q.V.Davis to give 
worked solutions to a range of typical problems for the 
course could be presented as tape/slide presentations.
The idea that this could be done in this way was 
generated from my experiences with tape/slide material
already described (section 4-. l) and from my visits 
to institutions where tape/slide material was being 
used in individual study situations.
The use of tape/slide presentations seemed 
particularly appropriate in this situation because 
consecutive- slides could be used to show mathematical 
formulae and diagrams indicating, for example, how 
solutions to a particular problem were built up from 
their components. Kenshole had in fact indicated a 
similar build up,but in relation to the presentation 
of mathematics on film. (Kenshole, 1969)* Dr. G-. Brown 
and Dr.B.Ward undertook to produce short tape/slide 
1 tutorials'* on the topics (for details see the Appendix 
In addition Mr.Q.V.Davis worked out a series of typical 
problems ranging over the course,’ the solutions to 
which, were recorded in the form of tape/slide 
presentations and also keyed in to the self-tests.
The form of production of the tape/slide 
presentations was developed with the help of Mr.J.Kilty 
and the AVA Unit of the University of Surrey and was 
an attempt to produce short recorded problem solving 
’tutorials"which would not only be low cost,.but would 
also minimise lecturing staff’s time in producing 
the recorded material. These "tutorials" took the 
form of a series of slides (black letters on a white 
background dyed blue to reduce glare), mounted in 
order in a Carousel slide magazine and used in
.synchronisation- with a cassette tape recording. The 
material was played in a specially designed booth which 
contained a Kodak Carousel automatic slide projector 
and Phillips 1CH1011 synchronised cassette recorder 
linked to the slide projector. An article on this device 
was published in the Times Educational Supplement 
of 8.5*70 (Hills, I97O a) ); a copy of the article 
is included in the Appendix (A.15).The use of black 
letters on a white background is suggested by Poster 
as being superior to white on black (Poster,1968) and 
student preference for coloured rather than black and 
white slides is indicated by Ibison (Ibison,1952). The 
AVA Unit's own experience confirms these findings.
The slides and tapes were produced simply by tape 
recording the lecturer and photographing his.board 
work as he explained the topic to an imaginary tutorial 
group. The slides were then processed and synchronised 
to the edited tape recording. The preplanning of these 
presentations by the lecturer thus took little more 
time than the preparation of a normal tutorial, and, 
allowing for false starts,the recording took only a 
little longer than the actual time of delivery. The 
extra time was mainly technician time in editing the 
tapes and.synchronising the slides to the tape. Sample 
slide material has been placed in the Appendix (A.16).
5.123 Tape recordings of lectures.
Experience with the tape recordings of the
Structure of Atoms course (section 4.2) had', shorn- that. . 
some students found them useful for revision,for when 
lectures were missed, or when parts of a lecture were 
not understood. I therefore decided to include the 
provision of tape recordings in the system and to place 
the recordings in the library so that the students could 
refer to them at any time.
5*124 The tutorials.
The other component of the system is the tutorial, 
and because 16 members of staff acted as tutors on 
this course I was able to ask for more staff reaction ‘ 
than would often be possible for a single course. The 
subject of the tutorials was Electricity which covered 
both the Electricity X and Electricity II courses.
Mr.McVey of the Electronic and Electrical' Engineering 
department kindly made the initial contact with tutors 
on the course for me. I then followed this up by 
personal contact,explained the approach which Mr.Davis ■ 
was adopting, promised to send copies of the self- 
test material and student booklet, and-asked if they 
could let us have any comments,observations,etc., as 
the course proceeded. This was followed by the sending 
out of copies of all the self-test material, to tutors.
I also asked them to keep the contents, confidential 
until the appropriate point in the course had been 
reached. Staff reaction is shown in section 5-3*
5*15 Revising and evaluating the course.
Revision of the course proceeded in two stages
a)the preliminary stage involved revision of the self­
test questions and reference material as described in . . 
.sections 5*11 and 5*12 before the system was tried with 
the whole group of students.
b)the second stage involved revision of the course 
after.the first trial in 1970-71* These revisions are 
described in section 5*5*
The evaluation methods applied to the course have 
been summarised at the beginning of chapter 5 and are the 
subject of the sections which follow.
5*2 Student.reaction.
In this experiment student reaction and progress 
could be obtained in the following ways:
a)by examining answers to self-test material.
b)by examining recorded borrowings of library-based 
materials.
c)by obtaining student comment on the experiment from 
questionnaires.
d)by looking at performance on end-of-course examinations.
To differentiate between those'who regularly 
received information on their progress and those who 
did not, the catagories of "Feedback" and "Nonfeedback" 
groups were established. Members of the "Feedback" 
group were defined as students whose attendance at tests 
ensured that they were regularly receiving information 
on their progress. One non-attendance was allowed, to 
cover,for example,a short illness or a ’getting up late*
lapse one morning.
Members of the ’‘Feedback” or "F" group = students who 
took all or all but one of the self-tests (excluding 
the revision test in lecture 15). '
Members of the "ITonf eedback" ori {,HFM group = students who 
took less than this number of self-tests.
The catagories of ’’F” and "HF” groups were 
established regardless of the department to which the 
student belonged. Students taking this course were first 
year students from the departments of Electronic and 
Electrical Engineering,Chemical Physics', and Physics.
The Electrical Engineering students might, as has 
already been stated, be expected to have more motivation 
than those from the departments of Chemical Physics and 
Physics who were not expecting to become Electrical 
Engineers. However, since it would be difficult to 
distinguish between the motivations of students from 
these other departments,I decided to consider‘them 
together, that is, as possibly lacking the career 
motivation that Electrical Engineering students would 
have.
Results were therefore looked at in terms of two other 
groupings:
"Electrical Engineers" - Students from the Electronics
and Electrical Engineering 
department who took the PEMS 
Electricity II course.
"Chemical Physics/Physics". -Students from the Chemical
' P h y s i c s  and Physics
departments who took the 
PEMS Electricity II course.
In the account which follows,students'reaction 
and progress has keen examined in terms of the two 
hypotheses proposed at the beginning of this chapter, 
in terms of the whole group, "3?" and "HE" groups, and 
"Electrical Engineers" and "Chemical Physics/Physics" 
groups. The number of students in these groupings 
and attendance at tests is given below:
Humber of students taking the PEMS Electricity II 
in 1970-71 = 112
Humber of 
students.
Percent 
0 1
age
2
of 
• 3
students taking 
4 5 tests.
Electrical Eng. 
Students 57
h. 5 H 2 A 33 23
...-Chemical Physics 
and Physics 
Students.
55 ;■ A 15 31 18 20 15
All students 112 4- 9 ' 21 21 27 19
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Number of students in group = ;.; 51
Number of students in "NE" group = 61
Percentage of students from
Electrical Eng. 
department.
Chemical Physics and 
Physics departments.
"E" group 56 ' 35
"HE "group 44- ' 65
flie largest percentage of all of the students attended 
four out of five of the tests and 4-6% of all the students 
were included in the catagory of "F".
In the breakdown of students attending tests, it
can be seen that the largest percentage of "Electrical 
Engineers" attended four out of five of the tests,while 
in the "Chemical Physics/ Physics" group the largest 
oercentage was for two tests. This trend is also 
reflected in the "3?" and "NE" groups since 56% of 
electrical engineering students were in the "E" 
group while only -35^ of students from the other two 
departments combined were in the "E" group.
This seems to indicate that students from the 
department of Electrical Engineering had more motivation 
than students from the other departments.
5.21 Self-test material.
The self-tests, were intended to provide self- 
knowledge for the students. Little can be gained from 
an examination of individual results on the self-tests 
since these results may not accurately reflect the 
unaided efforts of students. Talking and discussion 
of answers was observed in all tests,except the- 
preknowledge test and the revision test given in lecture 
15 where students were asked to observe examination 
conditions. An analysis of the self-test material 
has therefore been confined to an examination of results 
of the preknowledge test and the revision test, and 
is structured in the following way:
a)the preknowledge test.
This was examined firstly in terms of the 
performance of all students taking the preknowledge
test (No. of students = 99) and then in terms of the 
4- groups defined in section 5*2, that is, "Electrical 
Engineers","Chemical Physics/Physics", "F" and "NF" . 
groups.
No. of students in "Electrical Engineers" group =4-9
No. of students in ChemPh^s/Phys." gir-vp-N group = 50
No. of students in "F" group = 4-9
No. of students in "NF" group = 50
b)the revision test and the test given in lecture 5... - 
The revision test was first given in lecture 5
when the test content was relevant to course material 
which had just been given. Here a comparison of the 
performance of students taking botly tests is made.
No. of students taking both the revision test
and the test in lecture 5 = 38 f
The tests are also compared in terms of the two groups 
"Electrical Engineers" and "Chemical Physics/Physics" 
students. .
No.of students in "Electrical Engineering" group 
taking both tests ' = 22
No. of students in "Chemical Physics/Physics" 
group taking both tests = 16
It proved impossible to compare "F" and "NF" 
groups since only one "NF" student took the revision 
test. . _ .
c)the revision test and the preknowledge, test.
The revision test can be regarded as an end~of-course
examination which, contains questions related directly 
to earlier course material. Here the performance of the 
two groups "Electrical Engineers" and "Chemical Physics/ 
Physics" students is judged in relation to their knowledge 
on entering the course (as defined by the preknowledge 
test) and their knowledge of course material at the 
end of the course (as defined by the revision test).
Ho. of students taking both the revision test 
and the preknowledge test = 4 1
Ho. of students in the "Electrical Engineering" ; 
group taking both tests = 23
Ho. of students in the "Chemical Physics/
Physics group taking both tests = 18
Again it is not possible to compare "E" and "HE" 
groups since only one "HE" student .took the revision 
test.
Sample self-test material and an answer sheet 
has been placed in the Appendix (A.11) Results for the 
self-tests given in lectures and 15 have oeen
placed in the Appendix (A.26).
5.211 The preknowledge test. . . . .
The purpose of the preknowledge test was to give 
students an awareness of the level and extent of 
knowledge required for the course and their position in 
relation to this. The point was made at the beginning 
of this chapter that students’ backgrounds vary widely 
at the beginning of the course. It might be said that 
a natural aptitude for electrical engineering-type 
topics could lead students to this department with a •
higher degree of preknowledge..It might also be thought 
that those students designated as nP n group students 
are more highly organised in their study habits than 
nNP1 group students. This might be shown by them gaining 
higher scores on the preknowledge test.
The results of this test are examined below in terms of 
the various groupings..
a)Resuits for all students taking the test.
Number of students taking preknowledge test = 99
I J3EI PERCENTflEE 
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b)Results for “Electrical Engineering" students and 
“Chemical Physics/Physics" students.
Eumber of students taking preknowledge test
Electrical Engineering students = 4-9
Chemical Physics/Physics students = 50
1 SEJ 
3 0 -
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BB:
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Percentage 
• Mark.
Percentage
Students.
1 Elect. Eng. 
Students
0 - 10 0
11 - 20 0
21 - 50 : o
31 - 40 0
41 - 30 0
31 - 60
6 1 - 7 0 , 2
o00iHt>- 33
8k - 90 35
j 91 - 100 8
ChemPhys. 
and Phys. 
students.
0 - 1 0 0
11 - 20 0
21 - 30 0 .
31 - 40 0
4 1 - 5 0 .p- 0
5 1 - 6 0 0
6 1 - 7 0 6
71 - 80 30
81 - 90 60
91 - 100 4
Electrical Engineering students.
Chemical Physics and Physics students 
combined.
c) Re suits for students in "S’” and "NF” groups.
Number of "F" group students taking preknowledge .
test ' = 49
Number of "NF" group students taking preknowledge
;■ test..:. ="50
Percentage
Students.
Percentage
Mark.PETHCETNTFiEE:
STUDENTS
0 -  10
11 -  20
21 —  30
41
60
61HE'
80
81
100
0 - 10 
11 -  20 
21 - 30 
31 - 40 
41 - 50 
51 - 60 
61 - 70 
7 1 - 8 0
HJ2 — BI3 
FERCSN TPBE MBRK
100
"F" group
"NF"group
Thus it can be seen that students in the various groups
seem to possess largely similar amounts of preknowledge.
The point is taken up again in relation to the revision
test in lecture 15 in the. next section.
5.212 The revision test and the test given in lecture 5*
This test consisted of questions which had previously
been given in the self-test set in lecture 5. It was thus
a test of recall of knowledge after a lapse of some 12
weeks. When the results for all students taking both tests
are examined,one notices that the skewed distribution of the 
/ secedes
testj(in lecture 5 has been replaced by the more normal 
distribution for the revision test in lecture 13.
Number of students taking both tests = 38
Percentage
Students.
Percentage
Mark.! m i l  p e r c e n t b g e
STUDENTS
9Efr Test lect.5
11 -  20 
21 - 30 
31 - 40 
4-1 - 30 
51 - 60 
61 - 70 
.71 - 80 
81 - 90 
91 -  100
s m  ’
16
21
Revis.test
CO - 10 
11 -  20 
21 -  30 10
1 m- 4-1 - 50 
51 - 60 
61 - 70 
71 - 80 
81 - 90 
90 - 100
21
18
PERCENTBEE NBRK
Test lect. 3
Revis. Test
The mean scores for these tests show a considerable 
drop in the recall of knowledge of this material as 
shown below.-
1
: Test lect.
• 5* -■■■■■ ; -. .
Revision
Test.
! Number of students 
taking both tests. 38 38
Mean score (%) '■Vi; 84- 52
Standard Deviation ' 14- 17
This drop is reflected both in the mean scores of 
students from the Electrical Engineering department and 
students from-the Chemical Physics and Physics ; 
departments as can be seen below.
a)Electrical Engineering students. -W/'/'.
Test lect.
5. . i- v -
Revision
•Test-.
Number of Electrical 
Engineering•students 
taking both tests. ;;V; P2/;.; 22
; Mean score (%) V: 86 56 V  V -
Standard Deviation 9 1 6 V
b)Chemical Physics- and Physics students.
Test lect. Revision
■5. ' ■ Test
Number of Chemical Physics/
Physics students taking . 
both tests. 16 16
Mean score (%}' 81 4-7
Standard "Deviation 19 l7>
5*213 The revision test and the preknowledge test.
The second hypothesis at the beginning of chapter 5 
is that students regularly receiving information on their 
progress (!,?!l group) would do better, as judged' on 
performance in an end-of-course test and examination, 
than those who did not. ("NF1 group). ,
Unfortunately out of the students who took the 
revision test, only one of the students is designated 
as an' “HE1 student and it was therefore impossible to 
test the hypothesis in terms of the end-of-course test. 
The hypothesis is tested in terms of the end-of-course 
examination in section 5*4-.
The results of these tests can however be used to 
see if differences emerge between Electrical Engineering 
department "P" group students and ”'En.group students 
from the department of Chemical Physics and.Physics over 
the period of the course since the 4-1 "F" group students 
taking the revision test also took the preknowledge 
■test..
The results are examined in terms of the following null 
hypotheses:
a) that there is no significant difference between 
mean scores of "Electrical Engineering" students 
and "Chemical Physics/Physics" students for the 
preknowledge test.
Elect.Eng. 
students.
Chem.Phys/ 
Phys.students
Number of students
taking test. 23 ' 18 .
Mean score (%) ; "m ; ■ 82 82
Standard Deviation
-
6.4; 5.6
Here there is obviously no difference between the means.
b)that there is no significant difference between 
mean scores of Electrical Engineering students 
and Chemical Physics/Physics for the revision 
'test.
Elect. Eng. 
students.
Chem.Phys/ 
Phys.students
Number of students
taking test. 23 : 18
Mean score (%) V: ;\.y: 37 4-5 ' :y : Y r:
Standard Deviation 13 17
Difference between the means = 12
'This difference is significant at the' O.O5 level of
significance, and therefore a difference in performance
as judged by mean scores on this test has emerged. This
difference indicates that whereas students in these two
groups had largely similar amounts of preknowledge at
the beginning of the course,'Blectrical Engineering students
who regularly received information on their progress
did better than Chemical Physics/Physics students who
also received regular information on their progress as
judged by performance on the revision test. This furnishes 
additional evidence for the career motivation of the 
Electrical Engineering students, or at least points to - 
some basic difference in behaviour between the two 
groups of students.
5.22 Library-based reference materials.
These consisted of books, tape/slide presentations 
and tape recorded lectures with associated printed notes. 
All were held in the reserve book room of the library 
and records of all borrowings were made. It was hoped 
to use records of borrowings as a means of establishing 
the numbers of regular borrowers of reference material, 
but there was a problem in that books held in the 
reserve book room were also available on the ordinary' 
library shelves. At.the time I was advised that there 
was no way in which details of borrowings from 
ordinary library shelves could be obtained and obviously 
borrowings of these books within the library could not 
be monitored. One solution would have been to withdraw 
copies from the shelves, but this was not attempted since 
students from other departments made use of these books. 
Details of the borrowing of books,taped lectures and 
tape/slide presentations have been placed in the 
Appendix (A*22). Summarised details are as follows:
a) Books.
Number of students borrowing books from the reserve 
book room = 2 6
(16 Electrical Engineering students and 10 Chemical 
Physics/Physics students.
Total number of books borrowed = 57
An indication that these recorded borrowings were 
only "a fraction of the number of books consulted by 
students is given by answers to the questionnaire given 
in lecture 5 (section 5*23) where 16 students stated 
that they had used the book references given when 
they had problems with the preknowledge test, whereas 
acieck of recorded borrowings made over this period 
revealed that only 4 books had been borrowed from 
the reserve book room, or it may have been that some 
of the students were answering this question incorrectly*
In a further question in the lecture 13 questionnaire,
15 out of the 16 students answering indicated that 
when they used the reading references they used books 
from the library shelves,
b) Tape recorded lectures.
Number of students borrowing taped lectures = 7
( 5 Electrical Engineering students,2., Chemical 
Physics/Physics students % _ '
Number of tapes borrowed - 24*
Recorded borrowings of the taped lectures were low 
but in the questionnaire given in lecture 13 (section 5*23) 
10 students said that they had used the tapes,whereas 
therecorded borrowings were only for 7 ■ students.This 
would seem to provide additional evidence for the.
hypothesis that some students were answering these 
questions incorrectly. However the clue to this 
discrepancy in numbers may be given by two students 
who indicated that they had listened in groups to 
the tapes.
c) Tape/slide presentations.
Number of students borrowing : tape/slide presentations?;^ 40 
(25 Electrical Engineering students and 15 Chemical 
Physics/Physics students)
Number of tape/slide presentations borrowed - 1^2
Tape/slide presentations had to be borrowed through 
the reserve book room and could only be used by one 
student at a time, so the number here is more likely 
to be accurate. The tape/slide material on representative 
problems prepared by Mr. Davis was most popular as 
might be expected,students perhaps regarding them as 
representative of possible examination questions.
The first hypothesis at the beginning of this 
chapter is that students who regularly receive information 
on their progress ("F" group) would use the library 
based reference materials to obtain further help with 
their difficulties. The following table shows the 
distribution of the use of reference material between 
nEn and ”NPU group students.
Students have been classified as using reference 
material from their answers to questions in the 
questionnaire given in lecture 13 and, where this was 
not available,from library records. No distinction is 
made between types of reference material borrowed or
amount of use ox the material.Numbers of "I" and rrNFn 
group students where no information was available have 
been included so that the complete picture can be seen. 
Distribution of the use of reference material between 
"F1 and ’’NF” students.
Number of "F” group students = 51
Number of "NF" group students = 61
Percentage of students.
who used
reference
materials
who did not 
use reference 
materials
for whom
no information
available.
% of "F"group 
students 6? 14 23
c/0 of ’’NF1'group 
students 28 7 "  65 / ■
From these results it is obvious that almost two 
thirds of the "F"group use some library-based reference 
materials,even if we assume that all those from the 
group on which there is no information did not use them. 
It is interesting that no information is available for 
about two thirds of the "NF”group but only about one 
quarter of the MF"group. This suggests that both closer 
involvement with the course and use of reference 
material is a facet of the behaviour of those students 
designated as members of the ”F" group.
5.25 Student questionnaires. . ■ ' .
In this first trial I was concerned with monitoring
student opinion of the system and use of the materials as 
the course progressed.Questionnaires, were given in 
lectures 5?89aad Ip. Sample questionnaire material has 
been placed in the Appendix (4.24).Ho questionnaire was 
given in lecture 15 -as the additional revision test 
referred to in section 5*21 was given.Most questions ' 
related to the use or nonuse of parts of the system and 
problems withthe course material.Questionnaires were 
looked at in terms of "F" group students1 replies to 
maintain continuity.
Results were as follows:
"F** group student replies to questionnaires. \
Number of r,F" group students replying to questionnaires
given in:
lecture no. il •
48 44 40
Percentage of "F" group students answering questions below
In test just completed
did it cover the
subject matter? Well
No feelings 
either way
Badly
Lecture
5 8 12
53 65 56
42 30 36 
2 5 8
rid you use the
reading references? Yes
No '
34 * 40 
65 * 60
1
Lecture
8 13
j If reading references 
used,did they give 
enough information to 
clear up your problems? Yes 63
I am not sure 31 — -
Ho 6 ; — —
Have you used the 
tape recordings 
of lectures? Yes 8 I4­ 25
Ho 1 90 86 75
If tape recordings 
used did you find 
them? Useful .50 50+ 90
Ho feelings 
either way 23 34 10
Hot very 
useful 25 16 0
* Question accidentally left out of questionnaire.
+ 12 people answered this question whereas only’ 6’indicated
that they had used them.
Mote - Discrepancies in percentage adding up to loo ;
above are due to some students not answering particular
questions.
Lecture
5- 8 12
Did you use any of 
tape/slide presentations? Yes .2 11 28
Ho 98 89
C\J
If tape/slide 
presentations used, 
did you find them? Useful 0 46+ 35
Ho feelings 
either way 0 36 .4-5
Hot very 
useful 0 18 0
Lecture
Have you raised any 5 8 1.5
problems associated
with the last test
material in tutorials? Xes 34- 25 32
Ho 66 73 68
-f-
11 people answered this question whereas only 5 
indicated that they had used them. .
Additional question in questionnaire given in lecture 5*
Was the preknowledge test
in lecture 1 useful in
making you think about
gaps in your knowledge ■ . ..w..
before you started on
the course? Xes 77
Ho
Replies to question:
Have you raised any problems associated with the 
preknowledge test in tutorials ? Give brief details.
Various formulae of work, (electrical)
Circuits in general
Sign convention etc. ’ r
Definition of the terms "conductor" and "insulator", 
that is, a good conductor may be equally termed a 
bad insulator.
Sign convention
Integrals and rates of growth in final question 
Load voltage method
Units and how you can work out most of the basic units.
General details from additional questions asked in 
questionnaire given in lecture lp.
Percentage of these attending 10-15 lectures = 96
Percentage buying recommended text(Iiittleman) = 72
Percentage buying other textbook(Kip^)
Fundamentals of Magnetism and Electricity) = 3
Percentage not buying textbook = 27
J Percentage buying a copy of. lecture notes = 100
Additional questions asked in questionnaire given in 
lecture 13*;
Have you raised any problems associated with the material 
in this or previous testsin the tutorials? Please give 
brief details.
Phasor diagrams.
The use of Gauss Lav; for cases of limited symmetry.
Phasor inductances.
Calculation of circuit problems.
One question in last test(unspecified).
Constant current sources.
Transients in circuits.
If you used the reading references,'
did you use books from .
Percentage of students
answering
a) the reserve book room 75
b) the library shelves ■ 94
c) other sources (give details) | 25 (own books)
(number of students answering the question = 16) 
Some students answered in more than one catagory.
If you used the tape recordings of the lectures
did you use them mainly
Percentage of students
a) because you missed the lecture
answering*
les No
100
b) to hear the lecture again after
you had read up the subject. : 50 v;;;:.; 50..
c) as revision for the examination. 75 ;; t:-;: .; 25
d) any other reason 25(for
revis
75
ion)
(number of students answering = 4)
Most students expressed satisfaction at the coverage 
of the self-tests, and only very few expressed 
dissatisfaction ( for example, only 3 in the questionnaire 
in lecture 13 expressed dissatisfaction). Most students 
thought that the preknowled:ge test was useful in 
making them think about gaps in their knowledge.
Use of the reference materials was reported as 
low, as might have been expected from section 5*22. Of 
the lO students who said they used tape recordings of 
lectures, 9 found them useful. Use of these 
recordings was mainly reported as for revision before the 
examination, but two students indicated that they had 
used them to hear the lecture again after they had read 
the subject up. It is interesting that no students 
replied that they used tape recordings because they 
missed the lecture; this might either be because this 
question posed a threat, or because since the questionnaire 
was given in a lecture, regular non-attenders at lecturers
would obviously not be present.
Prom the question on reading references in lecture 5 
it appears that those students answering the question 
were satisfied that the references supplied enough information 
to clear up their difficulties and only 6% indicated ■
that they did not. This is somewhat in contrast to the 
opinion of two members of staff (section 5*3)? one of 
whom expressed doubt that the book references could be 
used in this way,while the other thought that the 
references given were too general and should refer not 
only to particular pages, but even.to the particular 
place on a page.
16 students stated in the questionnaire in lecture 13 
that they used the reading references,but only 12 of 
these used books from the reserve book room.15 of these, 
students indicated that they used books from the 
ordinary library shelves. This reinforces the point 
made in section 5*22 that records of book borrowings 
do not reflect accurately the real use of the library 
reference material.
With regard to student study habits,all students 
bought a copy of the lecture notes,but only 29 students 
bought the recommended.textbook. This difference is 
surprising since students are encouraged to buy the 
textbook,and it is marked as essential on their course 
reading list. The difference is perhaps explained by 
the price differential,that is, the course notes cost 
of the order of 50p while the textbook cost £2 per copy.
In the answer to the question on tape/slide material, 
there is an opportunity to check the accuracy of student 
response , since,as mentioned in section 5*22,tape/slide 
presentations could only be borrowed through tlie reserve 
book room and used on library equipment.il students 
indicated that they had used tape/slide presentations 
and 10 thought they were.useful. Of these 11 students , 
only 10 were recorded as borrowing tape/slide material. 
It is possible that that student not recorded might 
have looked over someone■s shoulder or used the machine 
before the material was taken back to the reserve 
book room - an indication that even the tape/slide 
records may not be completely accurate. However,from 
this result it would appear that at least in regard to 
this question student response is largely accurate.
From answers to questionnaires 1G students 
appearedto have raised problems in tutorials 
consistently. Details of problem areas were passed on' 
to Mr. Davis for information and were considered by him 
in the revision of the course for 1971-72.
5.5 Staff reaction.
Staff reaction was obtained mainly in two ways, 
by written comment at the beginning of the course and 
by questionnaire at the end. Written comment was invited 
from the 16 members of staff involved as tutors by 
circulating details of all tests and reference material 
before the beginning of the course and. asking for their
opinion.
5*31 Written comments from tutors.
Most tutor's comments were on specific points for 
questions in the tests, hut three members of staff 
made more general comments; these are given below:
a) Books such as PS (Fundamentals of Physical Science) 
are largely a waste of time.
i)too expensive and big 
ii)too padded -you have to read so much to find 
anything.
Good for rich morons.
Much better "crib" books to swot up are ,e.g PS (Principles 
of -Electricity)
b) I don't think students will use the tape/slide 
presentations (especially to get answers.to specific 
questions). It takes too much trouble to get it
' going and find the bit you want.
. Tape/slide good as lectures. .
c) A lot of basic stuff is covered —one needs a few relatively 
elementary texts for the references.
d) I felt many of the references not very helpful. ■ .
i)occasionally referred to something altogether
. different y
ii)often referred to an advanced book when a clear elementary 
exposition was called for
iii)often too general. A student wants the exact page
e) It is difficult, if not impossible,to get page ■
. references for new concepts or items in a course.
: Different books .follow different orders of arrangement 
and in turn differ from the order of a lecture course. 
Hence it will rarely be the case that a student can 
solve a difficulty by reading a few pages of a book; he 
will usually have to read a chapter,may be more, to 
• :. find‘ out,5what presuppositions the author is making, 
what knowledge he is assuming, and what order he is 
following. An exception will occur if the book- . 
follows much the same order as the lecture course.
f) Hone of my five students (nominally electrical 
engineers) have used the lecture tapes or tape/slide 
presentations so far. Reasons given:
i) no need of them -reasonable judging hy tutorial 
■■■■■; performance 
iijdid not know of them - Just plain astounding.
5.32 Comments on specific questions in the tests.
These were of two main types:
a)specific and personal alterations to the phrasing 
of test questions.
lor example, test in lecture .13» question Ho.1 
on the test sheet.
I. = 1 Amp L = l®_3Hy
suggested alternative
I = 1 Ampere or A ' L= 10*“^  Henry or H
b) improvements in test layout.
Eor example, preknowledge test, question No.2. 
on the test sheet
The atom can be regarded as a central nucleus 
with particles revolving around it.
Indicate on the diagram which of the 
three fundamental particles are in 
the nucleus and which are revolving 
round it.
Suggested alternative.
It would be easier to mark if given in table form below:.
In nucleus Eevolving
Proton
Electron
Neutron
5*33 A. questionnaire was circulated at the .end of .the course. 
(% staff answering under appropriate catagory.)
Number of tutors replying = 7
l)What would you estimate was the average attendance 
at Electricity tutorials throughout this year's
PEMS course?
Attendance 100/^ 50% 0%
86 14 -r
Nucleus
2)Based on your estimate of attendance in previous 
years:* would you say that attendance at this 
year’s tutorials has been :
greater than about the same less than
usual as usual usual
100
3) ‘fhere seemed to be three types ox question which 
came up in tutorials:
A. questions about lecture material
B. questions about personal difficulties with material
C. questions about the test material
Please indicate which of these
came up most in your tutorials came up least in your
tutorials
A B  ^ ■; G A ".;■■■ B ■v C
33 67 - - 17 83
Would you give below any other types of question which 
came up:
■ (none given).
4-) Bid you find that having copies of the tests that 
had been set in the lectures helped you in the 
tutorials?
helped a lot possibly some help no help
- 67 33
5) What do you consider to be the most important function
of your tutorials in this course?
y a)They offer the opportunity for each student to have 
a weekly discussion of academic matters with an 
experienced engineer. They also offer the possibility 
of discussing matters related to engineering,but not 
closely related to the academic work of the course. 
Whether students avail themselves of these . 
opportunities is another matter. My experience is 
that students rarely raise difficulties with their : 
tutors,unless their noses are rubbed in them.
b)Discussion in small groups thereby encouraging active v 
thought and participation by the students.
c)fo review material covered in lecture and work out t  . 
specific tutorial' problems which can cause general 
difficulties.
d)Gaining the confidence of the students,.and aiding them, 
in becoming articulate about their (course) problems.
e)Bind out if the students are doing any work.
Get them talking..
f)Give the students personal contact with staff 
members.
g)Sinking ideas (not procedures) in Maths-Physics-B.B. 
Discussing limitations of theories presented.
Comments by members of staff,though few in number 
were helpful both in noting and correcting errors and in 
giving indications of staff opinion.
The comments on the reference material indicated
that the staff who commented were dissatisfied
a)that the references gave a suitably clear explanation
b)that the books were of the right order of difficulty.
The questionnaire sent to tutors was ucsu
ft because questions 1 and 2 were based on the
understanding that the tutorials, like the lectures,, were 
hot compulsory. After the questionnaire had been 
circulated it was pointed out that they were compulsory 
and staff estimate of attendance this year as compared 
with previous years ’about the same as usual1 .shows this.
The question on the function of tutorials 
indicated that staff thought that their main function was 
to discuss specific points of course material in more 
detail, to range more widely than this, to encourage 
students to think about the work and to become more 
articulate in group discussions. This view of the tutorial 
situation accords with an investigation of the tutorial ' ■ 
situation from the student’s point of view Cist, year 
chemistry students in the University of Surrey), but students 
make two further points:
a)tutorials give students a chance to find out what they 
’really have to know’ for the examination.
b)’lecturers don’t realise what problems students have . 
with the material,they either talk too simply or go too 
complicated.' (Hills,19?l)
5*4- Bnd-of~course examinations. v "
The second hypothesis proposed at the beginning of
this chapter is concerned.with the performance of students • 
on.the end-of-course revision test and the end-of-course ' 
examination. As seen in section 5*212, since only one 
student from the ‘'I?" group took the revision test, it 
is only possible to investigate this hypothesis in terms 
of the end-of-course examination. However,it is 
generally felt important that any innovation, if it is worth 
anything, should be able to influence the end-of-course 
examination.
5.4-1 The Blectricity XI examination in 1969-7^ and 197^-71*
I therefore compared the mean raw scoresifor 
students taking the Blectricity II examination in 
1970-71?when the system was applied to the course,with 
the Blectricity II examination in 1969-70,when no system 
of this kind was applied to the course. The examination 
paper set was the same for both years. %iy difference 
emerging might be expected to be due to three main factors:
a) a difference due to differences in the students 
between the two years,rendering the groups non- 
equivalent and therefore non comparable.
b) a difference due to inconsistencies in the marking l 
of the examinations between the two years.
c) a difference due to the use of the system in 197^-71* 
Results were examined in terms of the following null 
hypothesis:
That there is no significant difference between 
the mean raw score for the end-of-course 
Electricity II examination in 1969-70 (no 
system) and 1970-71 (system applied)
Elect. II Elect.II
1969-70 1970-71
Number of students 113 112
Mean raw score (%) 4-5 4-6 .1
Standard Deviation 21 •23
Difference between the means - 1.0
This difference is not significant at the 0.01 level
of significance.
None of these three factors therefore appears to contribute 
to differences between the groups of students in the 
two years. It is perhaps not surprising that factor a) 
does not cause a difference,since students xvho enter 
the University have to fulfil a minimum entrance 
requirement and are therefore basically similar in 
terms of their background training.and potential 
performance. In relation to this course I have shown 
that for the groupings examined,the level of background 
knowledge is similar at the beginning of the course 
(section 5*21).
That factor b) is not operating is more of a 
surprise since although examinations were set and 
marked by the member of staff giving the course, it 
might be expected that standard and. style of marking
would vary between the two years. Bull found that 
examiners marking medical, essay questions on different 
occasions made only low' correlations'; with themselves 
(Bull,1956),and IicVey investigating correlations of 
examiners marking Electrical Engineering examinations .
in the University of Surrey found similar effects. : 
(I’icVey, 197O). Nevertheless this result would seem to 
indicate that the marking over the two years is 
consistent. '
5*42 The Electricity I examination in 1969-70 and 1970-71 
There existed the situation that has already 
been described,that in 1969-70 and 1970-71 two 
examinations,Electricity I and Electricity II,were 
given for the two courses which were as near to 
equivalent as they could be in terms of the overall 
topic (electricity), lecturer,students,and setting 
and marking of the examinations. The consistency of 
marking was investigated further by examining mean 
scores on the Electricity I examination between the 
two years when no system was applied and the paper 
set for both years was the same.
Results were examined in terms of the following null 
hypothesis:.
That there is no significant difference between 
the mean raw score for tb© end-of-course 
Electricity I examination in 1969-70 and
1970-71.
Elect.I 
1969-70
Elect.I 
1970-71
Dumber of students : 115 112
Mean raw score (%) 59 57
Standard Deviation 20 25
.. . : ....
Difference between the means = 2
This difference is not significant at the O.Ol level 
of significance.
Thus further evidence is given that there is a consistency 
in the marking of these examinations and also that 
students in the two years are similar,judged in terms 
of their mean raw scores.
If the marking is consistent over the two years 
and the student populations are similar, then this 
appears to show that factor c) is also not causing a 
difference, or that there is the usual non significant 
result when one compares an innovatory method (the 
system in 1970-71) with the lecture method (1969-70).
In this type of study there are a number of effects 
which dilute any possible differences in resuits,as 
for example, that quoted in section 4*. 14-. Hox-jever, in 
this study the most likely dilution effect is very 
apparent, namely that only 51 of the 112 students 
on the course regularly received information on their 
progress. In order to test the hypothesis proposed 
at the beginning of chapter 5? 1 examined the scores 
in terms of "FM and "DF" groups of students (section 5.2).
Although in the comparisons above the raw
examination marks have been used, all examination 
marks for the PEMS course used in the following account 
have been normalised for the whole group of students 
(that is, 112) on.each examination paper to a mean 
of 50 and standard deviation of 20..fhus a student's 
performance maybe compared across t£e range of 
bourses,both for differences betx»/een means for 
different student groups and for the difference of 
the mean of a group of students from the normalised 
mean of 50•
5.45."1“' and ,,NFn groups compared on the Electricity I 
and Electricity II examinations 1970-71*
5.431 "F" and "HE" groups compared on the Electricity H  
examination.
Cumulative 
percentage 
of students
PercentagecuwuumuE
FsTRCENTHSS
STUDENTS
10
20
30
40
14
84
80 - 89 
90 -100 100
10
20 26
81
88o-9 -1? -a.? -3? -s? -r? -a? -toe 60 - 69 
70 - 79 
80 - 89 
90 -100
PERCENTBSS NBRK 100
100
"EF" group
The mean normalised scores for the '’I”* and “HE" 
groups are examined for the Electricity II examination 
in terms of the following null hypothesis:
That there is no significant difference 
"between the mean normalised scores for 
the end-of-course Electricity II examination
for the nE“ and ”E'En groups. 1970-71*
r ...
"I"group “HE“group
, Humber of students 51 61
T^ean normalised score (%) 58 43
Standard Deviation 20 18
Difference between the means = 15
This difference is significant at the O.Ol level of 
significance.
Both from the histogram and by a test of the significance 
of the difference between the mean normalised scores 
it can be seen that the "F" group’s performance is 
superior to that of the “HE" group.
Thus if performances of the two groups of apparently, 
equivalent students are examined, no significant 
differences between mean scores, raw or normalised, is 
obtained, but if students who have actually been 
concerned with the innovatory method (uEngroup) are 
compared with those who have not ■("Ip1”group), then 
a difference does emerge. This might throw some light 
on other comparative studies where groups of students
.who are exposed to a method are examined against those
who are not exposed. It is not necessarily the exposure,
but the active participation of the student which is 
important. Here there is not only evidence of exposure
but also of active participation (that is, the completion
of the test material) and therefore the groups are
self-selecting. This aspect of self-selection means
that although it.is tempting to conclude that the result
proves that when students use the tests they gain higher
examination scores, a more cautious interpretation
should be made. Perhaps by the definition of ,fFn ahd"IMF”
groups one is selecting students who are more likely
to get good examination marks. However, if this were so,
one would expect the nF“ group to perform in a
superior manner on the reasonably equivalent examination
Electricity I in 1970-71? although the system had not
been in operation for this course.
: Accordingly I examined the mean nomalised scores 
for the ”FU and ”1\TF" groups as defined on the 
Electricity II course 1970-71? on the.Electricity I 
end-of-course examination 197O-7I.
3*432 HFU and "^"groups compares on the Electricity I 
examination.
C O W  VLA-7 
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"F" group 
"I'TF" group
Percentage
Mark.
Cumulative. 
Percentage 
of students.
'^"rtouid
0 - 9 0 ^
10 - 19 4 i
20 - 29 13
50 - 39 27
40 - 49 41
50 - 59 . 53
60 - 69 69
70 - 79 86
80 - 89 lOO
90 -100 100
MNF,f sroun
0 - 9 ■ I - 0
1Q0— 19 10
20 - 29 23
30 - 39 36
40 - 49 56
50 - 59 76
60 - 69 90
70 - 79 97
80 - 89 100
'90 -100 100
I'he ' mean normalised scores nFM and "NF" groups are 
examined for the Electricity I examination in terms 
of the following null hypothesis:
That there is no significant difference 
between mean normalised scores for the; 
end-of-course Electricity I examination 
1970“71 f03? and "NF"groups as
defined on the Electricity II course 1970-71*
"F"group "NF1 group
Number of students 51 61
Eean normalised score Elect.l(%) 5^ ; 46 ;
Standard Deviation 21 19
Difference between the means = 8
I his difference is not significant at the O.Ol level 
of significance and therefore since the mean for- ‘’E1 
group students is still higher than for "I?" students, 
this leads me to suspect that although the "E" and "NE" 
definition may still have separated two types of student 
that is, the successful from the ■unsuccessful, it 
would seem that the use of the system does allow the 
student with the necessary capacity for action to 
benefit from it, with subsequent improvement of 
performance in the end-of-course examination.
5.44 and nNE" groups compared on the Electricity II 
examination and the Structure of Atoms 
examination 1970-71•
In order to further confirm this I investigated 
examination results for Professor Jackson's course 
"Structure of Atoms" to see if this pattern would be
Cumulative 
percentage 
of students
repeated. Results were as follows Percentage
Mark.c o n  p i_#vtiv£.
PERCENTRBE
STUDENTS
10
20 14
22
43
66
8260
80 - 89 
90-100 100
10
18
41
10
20group
40 - 49
50 -159 
60 ~d69 
70 -*79
NE" group ;
80
— 29 -39 — -Sf7 -loo ;
PERCENTRBE NRRK
The following null hypothesis was proposed:
That there no significant difference between 
mean normalised scores for the end-of-course 
Structure of Atoms examination for "F" and ,® ,‘ 
groups as defined on the Electricity II 
course 1970-71*
,fF" group group
Humber of students 51 61
Mean normalised scores (%) 52 4-8
Standard Deviation - 18 21
Difference between the means = 4-
This difference is not significant at the 0.01 level and 
therefore ' that the system applied to
the Electricity II course is increasing the mean 
scores of students who use it over those who do not, 
while these same nEngroup students show no significant 
increase over other students for two other examinations 
where the system was not applied.
5.4-5 The performance of "I?" and "IlF” .group students from 
the Department of Electrical Engineering and from 
the Departments of Chemical Physics and Physics. > 
Since I argued that students from the 
Electrical Engineering department might be expected to 
be those with'career motivation (section 5*2),I wanted.to 
check to see how nEu and "EE" group students behaved 
when they were either members of the Electrical Engineering 
department or members of the other two departments.
Results are examined “below for the three examinations, 
Structure of Atoms,Electricity I and Electricity II.
a)Eor Electrical Engineering students only*
Structure of Electricity I Electricityl
Atoms exam. examination. examination.
t' s*pH.v.M’NE” ' up it "HF" tiptt MNE"
Number of students 32 25 32 25 32 25
Mean normalised 
score (%) 52 . 52 57 55. 61 56
Standard Deviation. 17 23 19 15 16 17
Difference between 
the means. • 1 0  - ,
Is difference 
statistically 
significant#
.... .....
not sign. not sign. not sign.-
fhe results indicate that there is no significant difference 
in mean normalised scores between "Fn and "NF"'groups of 
these three examinations.
It seems reasonable to suppose that among the students 
with the most motivation in the subject, that is, students 
from the Electrical Engineering department, the ,tNE“ 
group might be sufficiently well motivated to lessen any 
effects shown by the ME n group as a result of the system. 
This appears to be the case. Phis argument would not 
however apply to the MFU and "NEU groups for students 
from the departments of Chemical Physics and Physics.
Consequently I examined the mean normalised scores 
of nEM and "UEn groups for the same examinations for
students other than those from the department of Electrical 
Engineering.
b)Chemical Physics and Physics students only.
Structure of 
Atoms exam.
“oElectridtyl' 
examination.
ElectricityS
examination.
"HE" “E" “HE" >E" “HE11
Humber of students 19 56 19 56 19- ■ 56
Mean normalised 
score (%) 51 46 5° 40 52 ■ 55 v
Standard Deviation 20 20 24 18 • 25
..
15 -
Difference between 
the means. . 5 . 10 18
Is difference 
statistically 
significant?
" . ... .... .
not sign. not sign. sign. _
Ihe results indicate that there is a significant difference 
between mean normalised scores of nE" and “HE" groups 
for the Electricity II examination but not for the 
other two.
Hence the system is helping students from the 
departments of Chemical Physics and Physics to gain 
a higher mean score in the Electricity II examination- 
as compared with students from these departments who 
do not not use it. If next the performance of the 
Electrical Engineers is compared with that of the 
Chemical Physics and Physics group. •
ilean normalised scores for
Structure of 
Atoms exam.
Electricityl
examination.
Electricityll
examination.
"F" r,j>TFu itpji "EE” "P" "NF”
Electrical Eng. 
students only. 52 52 57 55 61 56
Chem.Phys/Phys. 
students only. 51 AS 5° 40 52 55
.
Difference 
between mean 
normalised scores 
of Electrical 
Eng . andChem. 
Phys./Phys. 
students. 1 6 7 15 9 21
Is difference 
statistically 
significant?
not
sign.
not
sign.
not " 
sign.
sign. not
sign,
sign.
The result indicates that although in all cases the 
mean for Chemical Physics/Physics students is less than 
that for Electrical Engineering students,the only groups 
where there is a significant difference are those for 
’TO*” groups on the two electricity examinations. This tends 
to confirm the point made earlier that Electrical 
Engineering students will possess a higher degree of career 
motivation and will thus do letter on the end-of-course 
electricity examinations than the other students. This 
is supported by the non significance in mean scores 
between nI\TPu groups for the Structure of Atoms 
examination where career motivation.would not be expected 
to operate strongly for Electrical Engineering students.
In all three examinations Electrical Engineering 
department UF" group students obtain a higher mean score 
than other groups.
These results indicate :
a)that.the category of nF“ group student is separating 
out the type of student who tends to perform better on 
the end-of-course examination than students assigned 
to the "NF'^roup.
b)that some factor,possibly career motivation,is causing 
Electrical Engineering students to perform better than 
Chemical Physics/Physics students on the Electricity I and II 
examinations.
c)that the system has helped students from the Chemical 
Physics and Physics departments who used it to do better in 
terms of mean score in the Electricity II examination
than those who did not use it.
5.4-6 Examination performance of MFn and nNFa. group students 
scoring below 4-0 and above 60 (normalised scores)
The results above look at students1 performance 
on end-of-course examinations in terms of mean 
normalised scores,but these only reflect overall 
performance. One consideration regarding the value of 
the system concerns its ability to help weaker students, 
that is, those who might without it fail the examination. 
Another consideration at the other end of the mark range 
is whether the system is helping the better student. 
Accordingly in this section the performance of students
who score less than 40 and the performance of students in 
the top 40 mark range (namely those scoring 60 and above) 
are examined. Hesuits,are as follows:
SA - Structure of Atoms examination.
31 = Electricity I examination.
Eli = Electricity'll examination.
Percentage in each group scoring less than 40.
SA El Eli
% of "P"group students 22 27 23
% of "NF"group students 41 36 47
Percentage in each group scoring over 60.
, SA ; El Eli
% of "F"group students 34- 45 49
% of "NF"group students 33 24 19
These results show:
a)that members of the ”3 “ group generally perform better 
than "ETFtf group students for all three examinations.
b)that for the Elect. I & II exams, a higher proportion of 
”3’group students gain over 40 as compared to "EE" students
for the 3iectrLci'ty II examination than in the 
Electricity I examination.
c)similarly more nF" group students gain over 60 as 
compared to “HE” students for the Electricity II 
examination than in the Electricity I examination.
d)in the Structure of Atoms examination no particular 
advantage appears between "F" and’NF" students in the
above 60 mark range,but fewer ”3?1 students appear in 
the below 40 range than "HE" students.
These results are examined below in terms of 
departments to see if any difference in performance 
emerges in the two mark ranges between Electrical 
'Engineering' department students and students from the 
departments of Chemical Physics and Physics.
Percentage in each group scoring less than 40.
Students from the 
Eng. department•
Electrical Students from dept, 
of Ghem.Phys•/Phy s.
SA El Eli SA El Eli
% HPMgroup 
students 24 22 . 9 16 38 v 47 ;
group
students 32 16 24 48 51 64
Percentage in each group scoring more than so.:
Students from the 
Eng. department.
Electrical Students from dept, 
of Chem.Phys/Phys.
SA , El Eli El Eli
% nF,f group 
students 33 48 54 31 43 42
^"NP1 group 
students j 44 36 44 25 17 0
Although the numbers of students involved in this analysis 
are now wuit.e small and results must be tueated with 
caution,it can be seen that
a)more Electrical Engineering students in the lfF u group
score over 40 than "IP" group students for the 
Electricity II examination as compared to performance on 
the Electricity I examination.
h)in the departments of Chemical Physics and Physics 
although there appears to be no clear advantage in being 
either MEU or "HF1 students for the Electricity II 
examination below 40, it is obvious that for students 
scoring above 60 there is a considerable advantage.
e)for students scoring under 40 the two examinations 
where there appears to be a clear advantage to being a 
member of the nE M group are for Electrical Engineering 
students on the Electricity II examination,and for Chemical 
Physics and Physics students on the Structure of Atoms 
examination. Career motivation is obviously a factor for 
Electrical Engineering students on an Electrical Engineering 
department examination and the career motivation factor 
also appears here for the performance of Chemical 
Physics and Physics students on a department of Physics 
•examination (Structure of Atoms).
These results theiefjre clearly show that a basic 
difference emerges between students classified as "E" 
group students and those classified as nEE“ group students, 
that is, an "F" group student is more likely to pass 
the examination or to obtain a better mark in the higher 
mark range than "NEn group students.
It also clearly emerges that "Engroup students
from the Electrical Engineering department benefitted 
from'the system provided for the Electricity II course in 
terms of possibility in passing the end-of-course 
examination,but those in the higher mark ranges'did not 
appear to benefit from belonging to the "E^group. Conversely 
"E" group students from the departments of Chemical Physics 
and Physics did not show any benefit from the system in 
terms of passing the examination as compared with “HE11 br;-ix 
students,but showed a considerably better performance in the 
higher mark range.
To put the main result as concisely as possible, 
members of the "E” group perform better than "HE1 
students on end-of-course examinations,but the provision 
of the system bn the Electricity II course appears to have 
benefitted those Electrical Engineering department 
students who might otherwise have failed the examination 
and it has helped students from the departments of 
Chemical Physics and Physics to obtain higher marks 
in the range above 60 than they might otherwise have done.
5.5 ‘-^ he second trial of the system 1971*72»
The intention at the beginningof the main experiment . 
had been to repeat the experiment with first year 
students on the Electricity II course in 1971-72,the 
main difference being that the self-test questions were 
to be changed from open-ended questions to ones with a 
multiple choice of answer. The results of the experiment 
would then have been analysed in the same way and results 
compared over the two years.
During the session 1970-71 it was decided by the 
organising committee and member departments of PEIiS that 
the two term course should be changed in 1971-72 to a 
one term course. The students would thus spend the final 
two terms of the first year in their own departments. 
Accordingly a number of the PEMS courses were either 
dropped or amalgamated to fit the new one term PEIiS 
course. Two courses were not changed and fortunately 
the Electricity II course was one of them. It still 
retained the same syllabus and was given in 15 lectures, 
but there were how two lectures a week where there had 
previously only been one. The Electricity I course was 
dropped and the name of Electricity II course was 
changed to "Electrical Circuits" .tir. -^avis had indicated 
that the knowledge content of the two courses was . 
independent (section 2.5) , and the PEmo committee were 
of the opinion that dropping the Electricity I course 
would not affect progress and performance on the k 
Electrical Circuits course although there was some 
disagreement on this point among colleagues.I therefore 
analysed the results obtained from the application 
of the system to the Electrical Circuits course in 
1971-72 largely in the same way that I had in the 
previous year.
The basic system was similar to that described 
in section 5.1. A copy of the introductory booklet, 
specimen self-test material, and details of the timing of 
tests has been placed in the Appendix (A17).
During the first trial the self-test questions
allowed the student to give his own answer rather 
than requiring him to choose from a number of answers. 
,-L‘hese.; answers and points regarding students* perceived 
areas of difficulty from other questionnaires were 
discussed with Davis and revisions were incorporated 
into the tests and the linked book material. As an example• 
an analysis of areas of difficulty found in the 
preknowledge test has been placed in the Appendix (A.9)
The self-test questions were converted to multiple 
choice form by Mr.P.J.McVey.In a memorandum on this 
work Mr.McVey makes two relevant points with regard 
to this translation, one with regard to the point that 
a large number of the test questions could be 
regarded as 1 cheap recall1,and the other on the degree 
of difficulty of the questions. . - ■ ' v; ' ' . ■ ."
‘The questions were originally prepared by I have
pointed out to Hills that they look rather too simple 
(this came forcibly to my attention during the 
summer vacation when I translated them into multiple 
choice form); and, more important, that too high a 
proportion involve **cheap recall” (i.e the ability to 
repeat a bit of information in the form in which it has 
been given,items which therefore make the. minumum 
possible demands on brain power and on understanding).
This is especially true of some of the items in the 
earlier tests.As an example,to state that the current 
is E and the resistance R and require that the student
2state that power is I R is a cheap recall item; it does 
not involve even that minimal amount of understanding 
necessary to calculate the power given numerical 
values for R and I.1.
However he goes on to say:
1As the tests are for revision rather than for testing . 
proper there may be good reason for having a higher 
proportion of easy questions; that way,they indicate 
to each student how he stands with respect to a "bare 
minimum” of knowledge.1 (McYey,1971)
The self-tests were designed to give a. stpdent 
knowledge of how he stood in relation to the course, 
but in his comments above and in subsequent discussions 
with Mr.McYey and Mr.Davis,strong doubt was cast upon 
the relationship of the content of these self-test 
questions and the more problem centred questions of the 
end-of-course examination. An examination of questions in 
both the test and the examination showed the difference 
in the type of questions, and an examination of student 
marks on the. revision test and on the end-of-course 
examination tend to confirm that there is no obvious 
relationship between the two sets of marks.
Once the questions had been cast in multiple 
choice form,it followed that not only would the process 
be speedier and easier for the students to complete, 
but also summarised details of areas of student 
difficulty could be made available to tutors on the
srour-se soon, after the test had been given, This.was 
accomplished by getting the student to complete a special 
answer form,(see Appendix A.19). 'This produced a carbon 
copy which was then handed in. This- cop^ was coded up on 
to computer cards by the Computing Unit of the 
University and then run with a programme especially 1 
developed in collaboration with iir.B.Deaville of the 
Computing Unit for this purpose. A copy of the 
programme,together with a specimen printout has been 
placed in the Appendix (A.20) (names have been removed) 
Details obtained from the computer printout 
were thus of two kinds 
a^ A complete printout of all results
b) Summarised information on the group performance of 
students on each question.
The complete printout was kept confidential and used 
only for purposes of this study,but the summarised 
details were sent round to tutors, in the course. The 
summarised information consisted of the questions and 
answers for the self-tests, together with the % of 
students obtaining the correct answer for each 
question (that is,the facility index for each question). 
Obviously if the facility was high,then the question 
was .an easy one,that is, the answer being known to 
most dtudents,and if low,' the question was difficult, 
that is,many students would need to take remedial 
action. Thus the facility was important in exposing
areas of weakness for all students. One must however 
bear in mind that collaboration-between students was 
allowed for all except two. of the self-tests,and although 
this renders any accurate assessment of the best 
performance of individuals impossible,it does not 
inv^y^eb estimates of the worst performance,that is,areas 
of general student difficulty still show up. Thus on 
the assumption that if students did not bring, up their 
■:own' problems,if the tutorials followed Bznadley’ s mini­
lecture idea of tutorials (Boadley,1970),they would at 
least consist:of a mini-lecture directed at areas of \ 
subject matter where most students found difficulty. A • 
sample of the type of information circulated to tutors 
has been placed in the Appendix.(A.21)
In addition to the change in the self-test questions, 
all the linked book references were revised by Dr. A 
Benny in the light of student comments from the first 
trial,and Dr.C-.Brown and Dr.B.Ward also revised their 
tape/slide presentations -proving incidentally that 
tape/slide presentations are flexible and relatively 
easy to revise.
The other planned change was in the use of student 
questionnaires. Whereas in the first trial it had been 
my intention to monitor student opinion and use of the 
system as it progressed (section 5*25)»my intention in 
this second trial was to reduce additional burdens on 
the student to a minimum. The only questionnaire was
given in lecture 13. Sample material has been placed 
in the Appendix (A,25).
3.6 Student reaction*
Again student reaction was obtained in four main
ways: ■
a)by examining answers to self-test material.
b)by examining recorded borrowings of library-based 
materials.
c)by examining answers to a questionnaire given in lecture 13
d)by looking at performance on the end-of-STourse 
examination.
The number of students in "E","NE","Electrical 
Engineers", and "Chemical Physics/Physics" groupings 
were as follows: -
Number of students taking the PEMS- Electrical Circuits 
course in 1971-72 = 101
Number of r ----- -.Percentage of students
students. taking tests.
0 1 2 3 4 1.5: ■
Electrical Eng. 
Students. 48 0 2 8 15 15 60
Chemical Physics 
and Physics 
students. 53 0 2 17 13 23 45
All students. 101 0 2 13 14 19 VJl ro
tf*
STvjp^ DT ST
p&*}<% P*MO
Js’HVSJC$
STupe^s
There is a considerable difference in attendance
from the previous year,many students attending all the
lectures at which tests were given. This obviously had 
an effect on the number of students in the nF n group. 
Definition of “Feedback" group ( MFft group ) students
Students who took all,or all but one of the tests 
(this ignores the revision test in lecture 1J> )
Number of "Feedback" group ("F"group) students = 72
Number of "Nonfeedback" group ("NF"group) students = 29
Percentage of students from
\ -
Electrical'Eng. 
department.
Chemical Physics and 
Physics departments.
1"F"group .
I students j • 75 68 .
I "NF"group 
1 students. j 25 32
Thus for this second trial 71% of all students were 
included in the catagory of "F"group students. This 
increase is caused mainly by the increase in numbers of 
students from the departments of Chemical Physics and 
Physics regularly using the tests.The increase may be due 
to a number of factors,but of the two main ones,namely the 
shortening of the course from two terms to one, and the 
dropping of the Electricity I course the latter seems the 
most likely to have produced this effect. If the former 
had caused it one might have expected attendance of the 
Chemical Physics /Physics students to have fallen off 
between the first and second terms of the first trial, 
but an examination of attendance in the two terms reveals 
that this is not so. It seems more likely that the 
dropping of the Electricity I course has halved the 
load for non- Electrical Engineers,increased their 
interest in and hence attendance at the one course.
However the percentage of students within the, 
department of Electrical Engineering regularly using 
the tests is still slightly higher than the percentage 
of students'.within the other departments.
5.61 Self-test material.
Analysis of the self-test material follows the pattern 
given for the 1970-71 course in section 5-21.
Sample self-test material has been placed in the Appendix(A.18) 
5.611'Iihe preknowledge test
a)Hesults for all students..
Number of students taking preknowledge test = 94-
Percentage
Hark.
Percentage
Students.
0 - 10 0
11 - 20 . 0
21 - 50 o
51 - 440 0
4-1 - 50 0
51 - ‘ 60 0
61 - 70 . 4 2
71 - 80 - 10
81 - 90 25
91 - 100 65 •
PERCENTREE MHRK
b)Resuits for Electrical Engineering, students and 
Chemical Physics/Physics students.■
Number of students taking preknowledge test
Electrical Engineering students = 44-
Chemical Phys./Physics students = 5°
PETRCSTNTRSE
STUDENTS
ss-
SE-
S 2-
H E ­
SS*
22-
12-
m
■ .^ easms. ,$m, Tng-r.ga  »  nm yEana^EgasaaBji
-  2 2  -  H 0  — E S ' — SS 
PERCENTF3BE MBriK
Percentage
Mark. ■
Percentage
Students.
Elect.Eng.
students.
0 - 10 0
11 - 20 0
21 - 50 0
31 - 40 0
4-1 - 50 o-
51 - 60 0
61 - 70 2
71 - 80 7
81 - 90 23
91 -100 68
Chem.Phys.
and Phys.
students. .
0 - 10 0
11 - 20 0
21 - 50 0
31 - 40 0
41 - 50 0
51 - 60 0
61 - 70 v' 2 .
71 - 80 12
81 - 90 24
91 - 100 62
Elect.Eng. students 
Chem;Phys./Phys.students
c)Pesults for students from "S'" and "HIT1 groups.
Humber- of "F"group students taking preknowledge test= 6 9  
Humber of **group students taking preknowledge test- 29
Percentage 
Students. '
Percentage
Hark.
I 2J2J p r^C S N T R E S
STUDENTS
S E ’ .
10
2011
21
40
4-1 '
60
61
22
68
81
100
10
20
21
40l Eh 4-1
60
61S0Hia
PERCENTREE NRRK
80
2881
100
"F" group
’HTPU group
As in the previous year students in the four groupings 
apparently possess similar amounts of preknowledge 
although the percentage of students scoring in the 
90 -100 mark range is higher here than in 1970-71- 
fhis could be due either to'students possessing a 
higher level of preknowledge,or it might be that the
multiple choice questions were easier to answer than 
the previous open-ended ones. That it is probably the 
latter is indicated by an examination of areas in which 
students were weak on the preknowledge test in the two 
years,(Appendix A.9 and 101, since the.areas are 
practically identical.
5.612 The revision test and the test given in lecture 5*
As in the first trial this test was given in lecture 
5 as well as in lecture 15* The difference was that in
1971-72 only a period of five weeks had elapsed.
Humber of students taking both tests = 60
Percentage
Students.
Percentage
Mark.1 mm p e r c e t n t r e e
STUDENTS
siaf
Test lect.f?
10
2011
21
40
60
1261
80
81
100
10
2011
21
4-0 13
12
20
20
60
HEJ BS3 
PERCENTREE MRRK 80
1081
100
Test lecture 5
Revis.test.
If we examine the mean scores for these tests we 
find that in contrast to the previous year the scores 
are much closer,and in fact the difference is not 
statistically significant at the O.Ol level of 
significance.:
Hull hypothesis - That there is no significant
difference between the mean scores 
of all students taking the test 
in lecture 5 and the: same
test again in lecture 15-
Test lect.
■5.
Revision test
Humber of students taking test 60 60
| Mean score (%) 52 '55
1 Standard Deviation
.. ....■____ ___  .. '. 19
18
Difference between the means = 5
This difference is not significant at the 0.01 level of 
significance.
The mean scores for Electrical Ehgineers and Chemical 
Physics /Physics groups were also examined to see if they 
followed a similar pattern.
a)Blectrical Engineering students.
Hu;ll hypothesis —  That there is no significant
difference between mean scores 
of Elect.Eng. students taking 
the test in lect. 5 and the 
same test again in lect.15
~— .... . . .... ..... ■
!
Test lect. Revision
5 . test 15
Number of Electrical 
Engineering students 
taking test 33 33
j Mean score {%) 36 60
Standard Deviation 19 16
Difference "between the means = 4
This difference is not significant at the 0.01 level of 
significance.
b)Chemical Physics/Physics students.
Null hypothesis - That there is no significant
difference between mean scores 
of the Chemical Physics/Physics
group taking test in lect.5
and same test again in lect.15-
Test lect.
5 ' i-
Revision 
test 15
Number of Chemical 
Physics/Physics 
students taking test. 27 27
Iiean score (%) ' 4-9 48
Standard Deviation 18 19
Difference between the means = 1
The difference is not significant at the 0.01 level of 
significance.
In both cases the difference in mean scores is not 
statistically significant.Although the difference in the 
PEMS course structure makes it impossible to be certain
that there are no other factors involved,the decreased 
period of time between the two tests indicates that 
retention is much higher over the shorter period. It could 
also be due to factors involved in the change from 
open-ended to multiple choice questions, that is,as 
already indicated in section 5*611 the multiple choice 
questions might be easier to complete,hence decreasing 
any differences between the groups.
5*613 'The revision test and the preknowledge test.
In a comparison between performances of groups on 
the preknowledge test and the revision test in lecture 15 
again it is impossible to compare results for "F” and "NF11- 
group students since only 5 of the "NF11 group took the 
revision test.
The results can be used to see if differences emerge 
between "Ingroup Electrical Engineering students an d "E" 
group students from the departments of.Chemical Physics 
and Physics. The results expressed in the form of null 
hypotheses are as follows.
a) That there is no significant difference between 
mean scores of Electrical Engineering students 
and the Chemical Physics/Physics group for the 
preknowledge test.
1 Elect.Eng. Chem.Phys/students. Phys.students
Number of students taking test. 33 27
Tie an score (%) 90 90 '
[Standard Deviation. 6 8
There is obviously no difference between the mean scores.
b) That there is no significant difference between 
mean scores of Electrical Engineering students 
and the Chemical Physics/Physics group for 
Revision test 15»
j Number of students taking test 
Mean score (%)
Standard Deviation
Elect. Eng. 
students.
33
60
16
Chem.Phys/ 
Phys.student
27
4 8
19
Difference between the means - 12
This difference is significant at the 0.01 level of 
significance,and thus again a difference in performance 
has emerged. The result is therefore similar to that 
found in the first trial,that is, a difference has 
emerged between the two groups which was not present at 
the beginning of the course,as judged by performance on 
these, tests.
5.62 Library base reference materials.
These consisted as before of books, tape/slide 
presentations and tape recordings with' associated printed 
notes.The library system had been changed slightly and 
now all materials were held at the issue desk,otherwise 
conditions remained the same.
Details of the borrowingshave been placed in the 
Appendix(A.23)-Recorded borrowings were again low,although 
taped lectures were borrowed more than in the previous 
year. As before answers to a question on the use of books
from the library shelves (section -'5.22) indicated that, 
recorded borrowings do not reflect the true use of book 
reference materials.
a)Books.
Number of students borrowing books = 4
(l Electrical Engineering student, ^Chemical Physics/
Physics students.)
Number of books borrowed = 4  ■
b)Tape recorded lectures.
Number of students borrowing taped lectures = 15 ’ .
(4 Electrical Engineering students, llChemical Physics/ 
Physics students)
Number of tapes borrowed = 50
c)Tape/slide presentations.
Number of students borrowing tape/slide presentations = 
(3 Electrical Engineering students,11 Chemical Physics/ 
•Physics)- ■
Number of tape/slide presentations borrowed = 39* -
Recorded borrowing of books and tape/slide 
presentations were lower than in the previous year, 
whereas borrowings of the taped lectures had practically 
doubled. The limita:Hons, of the accuracy of these 
results has already been pointed out in section 5*22.
Students are again compared below to show the 
distribution of the use of reference material between 
"F" and "NF" group students.
■No. of nF" group students =72 No.of-"NF" group students = 29
Percentage of students •
who used
i
who did not fob whom no
reference * |use reference information
materials. materials. is available.
%. of "Frc-group students., 4-5 39 15
%' o f nNF " gi?qup student s 31 14 55- j
The use and non use of reference material is more 
evenly spread across "F"group students than in the first 
trial of the system and- if the device adopted in the 
analysis of the first year material (section 5*22) is 
adopted here then numbers of "F"group students are 
almost equally divided between those who did use reference 
materials and those who did not. This change may again be 
reflecting the changes made in the PEMS course as a 
whole over the two years.
5.63 Student questionnaire.
In the first trial of the system I was concerned 
with monitoring student opinion of the system,but in 
this second trial my main intention was to minimise 
external influences on the course as far as possible.
Thus only one questionnaire was given,that in lecture 13* 
Questions were very much like those given in the previous 
year,although the emphasis of the questionnaire was changed 
more towards student study habits in relationship to the 
system. For example in 197^-71 a.question had been asked 
concerning coverage of the subject matter. Since there
had been general satisfaction with the coverage of the 
tests,this question was omitted here ana the following 
question asked :
*Bid you find the self-tests useful?’ This was followed by 
two further questions asking for comments on their 
usefulness or otherwise.
The other main change was to omit the "neutral" 
catagory and to force the choice of answers between "yes"
' or "no". . - '
Results of the questionnaire was as follows: 
a)"F"group students' replies to questionnaire given in 
lecture 13*
Number of MF"group students answering = 71
jPercentage of these attending 10-15 lectures = 97
jPercentage buying recommended text (Mittleman) = 8$
jPercentage buying other textbook = 0
jPercentage not buying textbook 20
Percentage buying copy af the lecture notes 100
Percentage of "P" group answering questions below
Yes No
Did you find the self-tests useful?
Did you use more than one book in 
your reading for this course?
Did you write lecture notes?
Did you add to your lecture notes 
afterwards?
90 8
56 41
90 8
28 70
Did you rewrite your lecture notes 
afterwards? 20 77
j Yes No
Did you use the reading references 
given in the tests? 4-4- 54
Did you use the tape recordings of 
the lectures*'' 13 84
Did you use the tape/slide presentstlons? 1 3, 94
Did you bring up questions from the j 
self-tests in tutorials? | 54 42
Did your tutor go over questions from
self-tests in tutorials? 51 • 44-
Por the‘reading references did you use 
books from:
the library issue desk 52 V:
the library shelves 100
other (e.g own books) 8
Number of students answering = 25
(some students indicated more than one source)
If you used the tape recordings of . i 
lectures,did. you use them because you . j
a)missed the lecture
b)wanted to hear it again 100
{
c)wanted it for revision
t
11 j
■ I
d)other (please specify) 0 '■■'.j
Number of students answering = 9
________I
Note -Discrepancies in percentage not adding up to 100 
are due to some students not answering particular questions. 
If the self-tests were not useful to you.please give 
reasons. (All answers below)
Quest ions wrongly answered were still confusing even 
after reference books used. (Physics student)
2.There was insufficient time to follow them up. (Elect.
; Eng. student).
3.Since I had not been particularly ’inspired1 by the 
course I did only the minimum of work on it ,leaving me 
in the position to treat the tests as a good deal of fun, 
prolonging the time before Mr. Davis started the 
problems. (ChemPhys. student)
4.Not enough time to check a solution by working through 
it. (Physics student)
5•Most were easy as you could ask someone the answers if• 
you didn't quite know.(ChemPhys. student)
6.Vague.(Physics student)
In what ways were the self-tests useful to you?
(summarised comments. % based on the 64 who answered this 
question.
58% indicated that it showed what they had not understood 
or what they actually knew.
7% said ’It made me do some work'
7% said that the tests were useful for revision.
Selected comments.
They helped me fight complacency. ;
Constant reminder to work harder,but unfortunately 
little time for remedial reading.
The tests kept me revising the lecture notes all through 
the term.
Most students thought the self-tests useful,but those 
who did not commented in general terms of the questions
being confusing and of lack of time in which to answer.
One answer indicated that collaboration occurred 
between students in answering self-tests. Most students 
wrote lecture notes,but only a relatively small 
percentage of students either added to them after they 
had written them or rewrote them. Just over half the 
students stated that they used more than one book for 
the course,and just under half said that they used the 
reading references given in the tests. Of these 13 
students indicated that they had borrowed books from 
the library issue desk,but only 4- borrowings had been 
recorded.This reinforces the finding in section 5*22 and 
may indicate that each book was used by several students ■
on one borrowing.
About half the students brought up questions in 
tutorials on self-test material and half of the students 
said that tutors had covered questions from the self-tests.
There was a surprising degree of agreement in 
comments among those who found the self-tests useful,and 
although it appeared from a.previous question that only 
some of the students used the reading references,they felt 
that it was valuable just to be informed of their 
progress. There was an indication in conversation with 
students that they felt much of their 1 spare * time 
was taken up in writing up practical work of one kind 
or another and this was used as an excuse for not doing 
remedial reading.
5*7 Staff reaction
In 1971-2 tutors were circulated with copies of 
the self-tests and summaries of self-test-results as they 
were available. Apart from several points regarding 
printing errors,the main staff comment was obtained in 
answer to the following, questionnaire:
j IfBHQHAHDUH
From: P.J.Hills 2nd.December 1971*
I To: All Electricity Tutors 
| PEMS Electricity Tutorials
: Thank you very much for your help and for comments on 
this term’s Electricity course.
Last year you may remember I asked you to complete a j
' questionnaire which was perhaps not very helpful.
. Instead of repeating this exercise could I ask if you - 
would mind sending me a short note on this year’s 
tutorials?
It would be helpful to know:
a)if the summarised information on the self-tests |as 
been helpful to you. '
i b)if the students have raised questions on the self-test 
| material with you.
Any other comments you care to make would be very useful ! 
in helping me to evaluate this work.
| Again very many thanks.
P.J.Hills.
Pour members of staff replied. Their answers are given below
a)regarding the usefullness of the summarised information.
1)Very little.
2)Yes ■ . .
3)~£es -it tells me which questions were mostly answered 
incorrectly.
4)Yes,with reservations.
The first reservation is one I have already mentioned to you 
and which you in turn mentioned in your seminar.The 
PEMS group is diverse both in interest and ability.The 
Electrical Engineering students are:,presumably,more 
interested in Electricity than the other groups. In addition 
though their entrance qualifications roughly match those 
of the Physics students,they differ v/somewhat from the 
Chemical Physics students,the latter usually being more 
orientated towards chemistry and less towards maths than 
the Electricals. Hence a ’global’ result for the PEMS coirse 
as a whole may give a misleading view of the performance 
of the Electricals.Hence separate indications for the 
department covered would be preferred.
However in my capacity as a tutor more specific information' 
is desirable. The information useful to a tutor is not 
’how did the PEMS group as a whole perform’ or even 
’how did the electrical students perform*,but ’how did 
my tutorial group’,or even ’how did individuals within 
•that group perform’.
So I think,to be of use to tutors,the information needs
to be related to the performance of each individual student, 
and would best be shorn as a cumulative record,showing his 
performance (relative to the class as a whole) in this . 
test,in the previous tests and also showing questions'with 
which he has had difficulty.
b)regarding students raising questions on the self-test 
material with you.
1)Ho. With 95% correct answers on some questions it 
would appear that the questions are
i)too easy for most PEMS students 
incompletely trivial to Elect. Eng. students.
2)3do. I have checked with my students as to the reasons 
why they did badly with some questions. In many.cases it 
has been because they did not understand the question.
(E.g. In one case a student could not remember what ad 
’Admittance* meant.) However the tests have acted as useful 
reminders even though they caused my particular lot 
little difficulty.
3)Tes - I go over all those they ask me about and all 
those that were answered badly. '
4-)Yes.This was not because I prompted them. I deliberately . 
refrained from doing so, and left them to raise the 
topic if they wished. But not very often. From my group 
of 4- students,I have had approximately 7 problems raised 
on the tests during the term.
1 think there are two main reasons for these matters 
not being raised very often. The first is the obvious
one-theymay be reluctant to 'reveal their ignorance'. I 
suspect there is something in this; with one exception 
all of the questions raised have been brought out NOT 
during the tutorial,but by the student staying on after 
the tutorial was over and asking me then.
Another reason may be this - that they are reluctant to 
'bother me'.There is a IicVey's Law on this -the more 
a student needs the assistance of a tutor,the more 
reluctant he is to seek it. Like all McVey's Laws 
this admits of exceptions,and I can call to mind several 
students...who are prepared to visit me for assistance.
The third possibility is that the questions are not 
sufficiently difficult to need much assistance.This 
is a problem we have already discussed.
Tw Two other members of staff made the following 
comments:
a)Many of the questions are mathematical rather than 
electrical per se. I do not know whether this is desirable 
or not -other tutors may comment?
b)Can I suggest that most of the questions in the test 
for lecture 13 were too simple?
Although I asked a number of tutors at intervals 
how things were going ,most of them said *fine' or 'no 
problems'.The number of replies to the memorandum were 
low and this taken with other indications show how 
pressurised staff can get at certain periods of the year.
I suspect that for some this was yet another piece of
paper to fill the overflowing rubbish bin.
By far the most useful comments came from tutor 
Ho.4- who agreed with my motivational distinction concerning 
performance of Electrical Engineers and felt that,, 
although useful,it would have been more useful to 
have details of the performance of individual students.
A t •this time I was in broad agreement,but thought that • 
details of individuals might be difficult to obtain. 
However, I have since seen the work of Dr. Tomas of ....
Sir George Williams University, Montreal.Canada, who 
has been using a computerised marking system with a 
physics laboratory course and this shows that it 
could be done quite simply.(Tomas,1972)
5*8 End-of-course examinations.
The analysis for the end-of-course examinations 
follows the same pattern as that given in section 5*4-, 
with the exception of the comparisons with the 
Electricity I examination,since,as has been pointed 
out in section 5*5,this course did not exist in 1971-72. 
Results were as follows: -
The mean raw score of all students taking the Electrical 
Circuits examination 1971-72 was compared with the 
mean raw score of students on the Electricity II 
examination 1970-71,using the following null hypothesis: 
That there is no significant difference between 
mean raw scores.of all students taking the end-: 
of-course Electricity II examination in 1970-71
and;the Electrical^Circuits examination in 1971-72.
Elect.II Elect.Circs.
1970-71 1971-72
Humber of students. .112 , 101
Mean raw score (%) 46 36
Standard Deviation 23 21
Difference between the means = 10
Shis difference is significant at the 0.01 level of 
significance.and is in contrast to the previous year's 
comparison (Electricity II 1970-71 with Electricityll
1969-70) where there was virtually no difference 
between the mean scores. Some factor or factors probably 
connected with the change in the PEMS course structure 
had thus considerably affected the mean score on this 
examination. The considerable drop in mean score over 
the previous year may well be an Indication that the 
Electricity I course interacted more with this course 
than had been assumed. The other explanation, that the 
increased use by students of the system had caused them 
to obtain lower marks in the examination,was explored 
by examining the normalised scores of "E" and "HE" 
group students on the examination,as in section 5*^3*
3.81 "E" and "HE" groups compared on the Electrical 
Circuits examination.
Humber of "E" group students taking examination = 72 
Number of "HE"group students taking examination = 29
Cumulative 
Percentage 
of students
NF u group
________ ; MF ” group _____ ."JKTF” group / ;
There is a difference here,and the following examines 
the mean normalised score of both;groups in-terms of
the null hypothesis:
That there is no significant difference between 
the mean normalised scores for the end-of-term 
Electrical Circuits examination for ;nFf and "NT'”
group students.1971-72.
■
"P” group' I "HF" group
Number of students 72 29
Mean, normalised score(%) 41
Standard Deviation 20 j 17
Difference between the means = 13
This difference is significant at the 0.01 level of s 
significance.Thus again both from the histogram and by 
a test of the significance of the mean normalised scores 
it can be seen that the ”F” group’s performance is
superior to that of the "NE" group.
Since no comparison was possible with the 
Electricity I examination for 1971-72 I turned to the 
results of the “Atoms,Molecules,and Crystals ” examination 
as a possible basis for some comparison. The course for 
this examination was a considerably revised and altered 
version of the previous year’s ’’Structure of Atoms” 
course.
5.82 ’’P.” and "NF” groups compared on the Atoms,Molecules, 
and Crystals examination.
Number of ”.P” group students taking examination =71
Number of "NEUgroup students taking examination =29 '
Cumulative
i 1 mi£ ■»— -yr »3 P E R C S N T B E E  - S  ■ / Percentage Percentage
S T U D E N T S  y I Mark. of students
; 'S33 t /
/ / j “F“group
m m . ; f /  :4 J
i f 0 -  9 ■ 3 ,:
J * / • 10 - 19 6 .I ~7m * / 20 - 29 i 12
A f 30 - J 39 22
5IZr - ■ /  / 40 - 49 35
/ / 50 - 59 60
SIZf / / : 60 - 69 77
* ■ / 70 - 79 . 92
V- / 1 80 - 89 100
HIZf
' -  ^■' / ' ' » A
1 90 - 100 100
32f
$ /
/ / “NF “group
m m ' y  x 1. 0 - 9 -— 4 :
! 10 - 19 144* // ■ ! £0 - 29 '' 211 m * // /  . 30 - 39. 38
40 - 49 62
.-TT ».--4,--...»'■ ■<! <..■» ’■ ■» ■» 50 - 59 93-11 -3$ -4-7 -(>*? -79 -^ 9 -100 60 - . 69 100
P E R C E N T R B E  MRF5K 70 - 79 100
80 - 89 100
9 0 - 1 0 0 100
"F”group "!TFMgroup 1 *
I examined the mean normalised scores |or this examination 
in terms of the following null hypothesis:
That there is no significant difference between 
mean normalised scores for the end-of-course 
Atoms, Molecules, and Crystals examination,
1971-72 for HFH and "NFM groups as defined on 
the Electrical Circuits course 1971-72.
UF “group ”NF” group 
Number of students 71 29
Mean normalised score (%) 54- 4-1
Standard Deviation 20 17
Difference between the means = 15
This difference is significant at the 0.01 level.
.As in the previous year’s “Structure of 
Atoms" course “F“ group students performed better in 
terms of mean normalised scores than “NF“ students.
However the large change between this difference in 
means , and the one observed in the previous year 
(section 5*44) indicates that a number of other factors 
are in operation.Because of the differences in the PEMS 
course and between the previous “Structure of Atoms” 
course and this “Atoms,Molecules and Crystals” course 
it is not possible to take the analysis further.lt 
is however apparent that this result provides further 
evidence that the “F“ and f’HF” definition has again"'" 
separated two types of student. Since there is no 
comparison possible with another electricity examination 
it is impossible to show how the system relates to 
another equivalent course in this year.
5.9 The following points emerged from this experiment.
a)In both years more students from the department of 
Electrical Engineering were members of the "P”group 
than the “NF“ group, but in the first trial (1970-71) 
a smaller percentage of students from the other departments 
were members of the "F“ group than the “NF“ group. In 
the second trial (1971-72) this trend was reversed for 
the other departments,that is,mote students from them 
belong to the “F “ group than the “NF” group. This may 
be due to the shorter length of the course in 1971-72,
but attendance did not fall off rapidly in either year.
It is possible that the decreasing emphasis on Electricity 
as a subject,that is,one course instead of two in
1971-72 caused all students’ interest to be maintained. .
b)Students in the Electricity II course were largely 
similar in terms of required background knowledge.
This is indicated both by an examination of the performance 
of members of the "F", "EF”, ’’Electrical Engineers” , 
and "Chemical Physics /Physics" groupings on a test 
of preknowledge in the two years, and by an examination 
of areas of preknowledge where students seem 
particularly'weak.
When examined in terms of an end-of-course 
revision test of knowledge for both years,students 
showed a significant difference in /mean '
scores between "Electrical Engineer^ and"Chemical 
Physics/Physics" groups. This points to some basic 
difference which occurred in the two groups after they 
had been formed, either in their treatment on the 
course,or by their attitude and motivation to the course.
It has been suggested by members of the Electrical 
Engineering staff that it was due both to attitude 
and career motivation and also that students from the 
Electrical Engineering department have better tutorials 
than students from the other departments.
c)In the first trial of the system most students thought 
that the self-tests covered the subject matter of the
course, well,and in the second trial students thought 
that the tests were useful in .showing them how they 
stood in relation to the course,even though they did 
not necessarily use the reference materials provided.
When data from questionnaires and recorded borrowings 
of reference material are examined in terms of the 
first hypothesis at the beginning of chapter 5?namely 
that students who regularly receive information on their 
progress would use the library-based reference materials 
provided to obtain further information on their problems 
with course material,it was found that at least two 
thirds of the students who regularly received information 
on their progress made some use of the reference materials 
in 1970-71. In the 1971-72 trial the results indicate 
that about half of these students used reference 
materials and half did not.
d)There was a certain disparity in staff and student 
reaction to the course materials. This was shown for 
example during the first trial when 10 students felt 
that the reading references were supplying enough 
information to clear up their problems,whereas one 
member of staff felt that the references did not give 
sufficiently clear explanations and another felt that 
the books used were not of a suitable order of 
difficulty.
It would be wrong to draxv any conclusions as to 
whether these statements are right or wrong from the
available evidence,but it does indicate that student 
experience should be carefully considered when it is in 
direct opposition to staff opinion.
e)lf the results of the end-of-course examination are. 
examined in terms of the second hypothesis at the 
beginning of chapter 5gamely that students who regularly 
received information on their progress would do better 
than those who did not, it is found that results for 
both years expressed in terms of difference between 
mean normalised scoreson the end-of-course examinations . 
indicate that this hypothesis is true. Eesuits for the 
examination on the reasonably equivalent course Electricity 
I in 1970 -71 indicate that the same students who 
received regular information on the Electricity II 
course did not do significantly better than the other 
students as judged in terms of mean normalised scores 
for the examination. Thus it is the provision of the 
system that causes these students to obtain a higher 
mean score than the other students for the Electricity II 
examination. There are also indications that some factor 
possibly largely career motivation, caused Electrical 
Engineering department students to perform better than 
students from other departments on the electricity 
examinations in 1970-71* Also from an analysis of these 
examinations and the "Structure of Atoms" examination 
in 1970-71 it is obvious that the catagory of "F"
group student contained the type of student who tends 
to perforin better on end-of-course examinations. This 
point has been reinforced by results for end-of-course 
examinations in 1971-72.
As this "F"/"NF" separation acts as an indication 
of subsequent examination performance,it could therefore 
be used as an early indication to staff to show which 
students were in need of more individual attention,
f)In the Electricity I and II examinations the "F" 
group students had an advantage over "NF" group students 
in terms of. passing the examination. This advantage was 
greater in the Electricity II examination than in the 
other. An examination of this in terms of students 
from the Electrical Engineering department and students 
from the other departments shows that "F” group students 
generally had the advantage over "NF" students in 
passing the examination for all departments. The 
biggest advantage in belonging to the "F" group was 
shown by students from the Electrical Engineering 
department taking the Electricity II examination and. by 
students from the Chemical Physics and Physics departments 
in the "Structure of Atoms" examination in 1970-71? 
that is,Electrical Engineering students for an 
Electrical Engineering department examination and 
Chemical Physics and Physics students for a Physics 
department examination.This providessfurther evidence 
for the existence of career motivation between the
groups of students.
g)fhe results obtained in the first trial and second 
trials of the system indicate that there are considerable 
differences in student behaviour on the Electricity II 
(Electrical.Circuits) course between the two years and
on performance on the examination. In spite of differing /fa 
staff opinion on this point it is obvious that factors 
of decreased course length,the revision of some courses 
and the dropping of others -especially the dropping of 
the Electricity I course in relation to the results 
reported in this study - have combined to produce these 
differences. Thus although the use of the system 
benefits students who use it in both years,it is 
impossible to use the second trial for any meaningful 
comparisons due to these differences.
h)The arbitrary change in the PEMS.curriculum between
1970-71 and 1971-72 is also an indication of i)how little 
curricula changes may be motivated by thoughts of educational 
improvement,and ii)how difficult it is to introduce innovations 
designed to achieve educational improvement and to make
them permanentc
Chapter 6. 
DISCUSSION OF THE RESULTS.
6.1 Student and staff attitude to the lecture. /
A number of studies (Hale, 1964; Passmore,‘1983'; -
Harris,1964;Sanders et al.,1969) indicate student liking
for the lecture. That lectures do have considerable
appeal for students is suggested by the present study;
students continued to attend lectures even though outline
notes were available (and bought by 100% of the students
on the courses studied)and tape recordings of the lectures'’
were placed in the library. Figures for attendance over
■ ■ (U&W ■.
an experimental period show^variation as a result of the 
provision of the tape recordings (section 4.22).Elton,
Hills and 0 ’Connell reporting an investigation on the u 
use of duplicated notes with first year PEMS students at the 
University of Surrey indicate that attendance at lectures 
was not affected by the availability of-the outline 
notes. (Elton,Hills, and O ’Connell, 1971)
In acquestionnaire given during the experiment 
concerned with the replacement of lectures by tape/slide 
lectures (section 4.122) students tended to agree with 
statements like:
1I prefer lectures or tutorials by members of staff as they 
give personal contact.’
’I did not get the same amount of involvement as with an 
ordinary lecture*.
In the same experiment Professor Jackson made similar 
observations,indicating that she felt lectures gave an
opportunity for personal contact and feedback, and that 
this was not only important for the 'students,but.was also 
important for the member of staff.
In the experiment concerned with the replacement of 
normal lectures by self-tests,a written text and short 
explanatory lectures (section 4.3),students In general 
liked this form of lecture replacement,perhaps because of 
the greater involvement given by the tests. Dr.Stace 
indicated his own liking for the method. He observed that 
in the short lectures he gave he was able to concentrate 
on particular points of difficulty,leaving the students to 
read up the routine material for themselves.
6.2 Students'use of lecture notes and other reference, 
materials. ■
Although students generally felt the need to write 
lecture notes (section 4.122,5.63)and all students bought 
copies of the outline lecture notes, only a very few students 
added to them or rewrote them afterwards. Similarly in the 
tape/slide experiment (section 4.122)students did not feel 
the need to consult books,and in the main experiment 2. 
(section 5*63)under half of the students taking the course 
indicated that they used more than one book for the course.
This pattern is reflected by the low use of 
reference materials in both trials of the main experiment 
(section 5.22,5.62)and by students1 comments that it was 
useful to be informed of progress by the self-tests, 
regardless of whether the reference materials were used or
not:. Ease or use may oe a xacror nere since m  ooun m a r s  01 
the main experiment students indicated that they preferred to 
use books from the open shelves rather than from the reserve 
book room (I97O-7I) or the library issue desk.(1971-72)
6*3 Audio-tape lectures and tape/slide -presentations.
Apart from the use of books and reading references the 
experiments in this study were concerned with support material 
in the form of. audio-tapes used in two ways:
a)audio-tape lectures where cassette tape recordings were 
used in conjunction with diagrams and mathematical formulae 
on duplicated sheets of paper,used as a record of lectures 
that had been given, (section 4.2, 5*123 )•
b)tape/slide presentations where cassette tape recordings were 
used in conjunction with 35mm slides either as a substitute 
for normal lectures (section 4.1) or for individual
use. (section 5*122).
6.31. Audio-tape lectures.
It emerged from this study that taped lectures were not 
a highly used facility,but students who did use them were 
enthusiastic (section 4.222).Students indicated that their 
main use had been for revision,where a- lecture had been 
missed,and where parts of a lecture had been misunderstood 
(section 4.24, 5*23, 5.63.).
Reference has already been made to the fact that the 
provision of tape recordings of lectures dpes not seem to 
alter the numbers of students attending lectures. This may 
have been explained by the fact that users of the tape 
recordings may have in any case been infrequent 1/ :v ' • 
lecture attendees .who’ had little-enthusiasm for the 
lecture method.(section 4.24). If this is the case then
they may v/ell have found the tapes useful in preparing for 
the examination since there is no statistical difference 
between mean scores on the end-of-course examination for 
the performance of students who used the tape recordings 
and those who did not.
6.32 Tape/slide presentations.
It emerges from this study that tape/slide material 
given to a large group as a lecture substitute was not 
well received (section 4 . 3 %  However when used for 
individual work students generally found them more 
acceptable (section 5*23)• In this study there was no 
evaluation of the tape/slide presentations in terms of direct 
recall of material for individual work - the mass showing 
having produced the no significant difference result on 
che end-of-course examination. Dunn et al in a study to 
compare the effectiveness of individually used tape/slide 
programmes (experimental group) with conventional mass 
instruction for students of the Western Infirmary, Glasgow, 
found student opinion 'highly favourable1 for the 
experimental group with a mean score of 75%>and a mean 
score of 48% for the rest of the students. (Dunn,Harden,
Holroyd,Loveraand Lindsay,1969).This favourable attitude 
to individual use of tape/slide material contrasts with 
the attitude found when it is used for mass showing,but 
but it is possible that when thepresentation is-seen as 
a direct replacement to ..the lecture ibais disliked and 
criticised. The same attitude is seen when television is 
examined as an alternative to the lecture. For example,
Maclaine in a study where education students at the 
University of Sidney attended lectures and watched 
televised demonstrations,found the usualnon significant 
difference in the students’ ability to recall information. 
However students were critical of the impersonal nature of 
the televised lecture.(Maclaine,1965).
Both students and staff in this study were critical 
of the impersonal nature of tape/slide lectures,but were 
divided on the question of speed of presentation. Professor 
Jackson thought that the speed of presentation was too 
great,but students were equally divided on this point.
When tape/slide material is used for individual work the 
question of speed of presentation and pace is not so critical 
since,as Jacobs indicated when he commented on his own 
use of a tape/slide presentation on Moments of Inertia 
with students,one of the useful points about a presentation 
of this kind is that it can be played through more than 
once and there is a lack of student embarrassment at 
replaying the different parts if they did not sink in the 
first time. (Jacobs,1972) This is an important point,that 
where tape/slide material is held in the library for 
individual use,as in the main experiment of this study, 
providing a permanent record of tutorial and problem­
solving type material (section 5*122),then the 
presentation is under the control of the student. This • 
control means that the student can stop the presentation 
at any slide or can replay it as many times as he wishes.
Harden et al.comment on this in terms of the usefulness 
for overseas students(Harden et al.,1969),but although 
this was looked for in this . study,no
particular pattern was noted.
It also emerged in this study that tape/slide material 
can be presented in a shorter time than the normal lecture 
(section 4.lp)and the findings of other workers support 
this (Kenshole,1968;Bligh,1970).However,for individual 
use of tape/slide material the time spent on it,used in the 
way that Jacobs indicated,will for a proportion, of. the 
students exceed the time spent in the normal lecture.
Harden et al.found that the average time spent by their 
tape/slide experimental group was thirteen hours and twenty 
minutes,the same material being covered in conventional 
lectures in nine hours.(Harden et al.,1969)
6.4 The use of the library as a resources centre for 
non-book material.
The use of the library to hold and issue books,tapes, 
and tape/slide material has been central to this study.
The problems of classification,storage, and issue of 
material other than books vere tackled by library staff 
as they arose,and has resulted in the preparation of a 
special catalogue for non book material.McIntyre stresses 
this new role of the library in the following description: 
’The library of the future will cease to be a place for 
the collection of printed materials only and will become 
instead an instructional resource centre reflecting the
the fact that information Is nots regularly maintained 
and disseminated in print,sound,films,other pictorial 
and electronic modes.1 (McIntyre,1970)
Librarians themselves are showing an awareness of 
this role (for example, Burnett,1970),and in the report 
of the NCET/ASLIB Conference on Multi-Media Resource . 
Organisation in Higher Education 1970,one of the - 
recommendations of the conference wasthat the importance 
of the library should be recognised ’as a central site for 
the development of individualised learning and the use of 
the library for a larger part of course work, designed in 
a systematic manner.1(Bothergill,1971).MacKenzie et al. 
go further when they say that .
'From the standpoint of the learner,what matters most is not 
the formal instruction he is given,but the kind of learning 
resources to /which he has access.V (MacKenzie,Eraut and 
Jones, 1970) . -
This may be true from the learner’s standpoint,but judged 
in terms of the process,not necessarily formal instruction*, 
the type of instruction and guidance should rank at least 
equally with the provision of resources. This problem of 
guidance and student motivation perhaps emerges from this 
study when it was found that students appear to borrow and 
use books on the open shelves of the library and not those 
held on restricted loan.(section 5*62).This may indicate a 
more general problem,for asChild indicates in his survey, 
of study habits in higher education1libraries are not
popular places for study if the student can avoid 
them.‘(Child,1970 )
6.5 The lecture as part of a total system.
The lecture has often been viewed as a method which 
stands on its own. The present study indicates that it 
is possible to use the lecture as one facet of a systematic 
approach. The effectiveness of such a systematic approach 
does not necessarily indicate the effectiveness of the 
lecture,but it does indicate that it can be used as part 
of a total system containing a variety of techniques used 
to promote learning. Stavert in a study on the use of 
programmed learning found similarly that a variety of 
techniques were more effective than one (programmed learning), 
ana he concluded that programmed learning should be used as 
part of a system which allowed for human interaction.
(Stavert,1969).
The particular system which is the concern of this 
study developed from the preliminary experiment described 
in section 4.3,students being actively involved in x^orking 
through the course material and being provided with 
information on their progress together with additional help 
with difficulties they might be havingg
'The version of the system which forms the main part 
of this study is described in chapter 5 and was examined in 
terms of two main hypotheses,namely that :
a)students xdio regularly receive information on their 
progress would use reference materials to obtain 
further help with their difficulties Au course material.
b)students who regularly receive information on .their 
progress ("F"group students) xvould do . better than 
those who did not ("NF"group students.)
6.6 Use of reference materials in the system.
The first hypothesis Is by no means proved,since in 
the 1970-71 trial two thirds of the nFHgroup students 
used some reference materials,and only about half of the 
"F"group used reference materials in the second trial 
in 1971-72.
That this experience is by no means specific to this 
study or indeed to first year students is supported by 
an investigation of second year students on a Quantum 
Mechanics course of the University of Surrey.Here students 
were told how they did on tests and were given reference 
material. They indicated that they were glad to know of 
their progress from the tests,but made little use of the 
reference material.(Boud,1972).Similarly in a self-paced 
Physics course for 500 premedical students at Cornell 
University, less than 10% of the students are reported as 
having.used videotape;lectures and film loop reference 
materials. (Boud, 1974-)
It emerges that the importance of this system is in 
the provision of knowledge of progress to the student,as 
discussed in section 5.63 ,but the pattern of use
of the reference material does hot coincide with the 
need for their use. Students' comments indicate .that they 
found the self-tests which provided knowledge of progress 
useful just to make them aware of their progress even if 
they did not follow the problems up by using the reference 
materials.
Another point which emerges is that there is a 
certain disparity between staff opinion of the self-test 
references and student opinion of their usefulness. This 
may well be due to a lack of communication between staff 
and students. This lack of communication or disparity of 
viexvs is also shown in the student response that self-tests 
in 1971-72 showed them what they had not understood or 
what they actually knew (section 5*63),but at the end of 
the course Mr. Davis informally asked seven of the tutors 
on the course about the system.’The almost unanimous 
view....was that little or no evidence was available of 
the efficacy of the system as evidenced in tutorials.1(Davis 
and Hills,1972). It would seem therefore that the provision 
of information about student progress as a group was 
little used by tutors but this might also indicate that 
weak students do not come to tutorials,or if they do,they 
keep quiet.
6.7 A comparison of ”F”and "NF" group students.
That the second hypothesis given in section 6.5 
is true is proved by a consideration of students in the 
”F” and "HF" groups as judged by performance on end-of- 
course electricity examinations. However,in addition to 
this it becomes apparent that by separation of students 
into four groups,hot only according to "F","NF”,but also 
"Electrical. Engineers”,and "Chemical Physics /Physics” 
groups two other factors of student behaviour emerge. .
These can be summarised broadly under headings of students 
with differences in- a)career motivation
b)end-of-course examination performance.
6.71 Career motivation.
The original choice of the two groupings "'Electrical 
Engineers.!,-,that is,students from the department of Electrical 
Engineering department,and "Chemical Physics/Physics",that 
is,students from the departments of Chemical Physics and 
Physics,was based on theasumption that a difference in 
motivation would exist between the two groups. As one member 
of staff put it ’Electrical Engineering students are, 
presumably more interested in Electrical Engineering than 
the other groups.1(section 5*7)•
This difference in behaviour and performance manifests 
itself in many ways throughout this study,in the greater 
numbers of Electrical Engineering students being members \ 
of the "E” group (section 5*2, 5*6),in their greater use 
of the reference materials (section 5*22),in their 
superior performance in the revision tests (section 5*21,
5-61),and on end-of-course electricity examinations 
(sedtion 5.45).That this difference emerges as a result of 
some function of being a member of the different 
departments is indicated by the results of the preknowledge 
test in both trials (section 5*21^ ' 5*61) where all students 
show similar strengths and weaknesses in areas of 
preknowledge between groups and overall mean scores for the 
groups are similar at the beginning of the course.
6.72 End-of-course examination performance.
The "E" group students perform in a superior manner
to the "EE" group as judged
a)by mean normalisedscores on the Electricity II examination; 
where the systematic approach was applied the course compared 
with a reasonably equivalent electricity course, that is, 
Electricity I,where no systematic approach was applied.
b)by the relative percentages of "F" group students scoring 
under 40 (• that is,failing the course) and over 60, 
compared with nNE" students in the same mark ranges
for the two examinations Electricity I and II.
Erom an examination of the performance of the two 
groupjon the end-of-course examinations looked at in this 
study,it is obvious that these two groupings are ; 
separating out two different types of student in both 
trials of the main experiment (section 5*4-5»5-8).As has 
already been pointed out (section 5-9),this "En/”NE" ' ’
separation could be used as an indication of a student’s
need for more individual staff attention.
6.8 Limitations of the study and its evaluation,and 
suggestions for further work.
6.81 Outside constraints.
The first and most important limitation placed on 
the study consisted of a number of constraints imposed 
by outside agencies over which I had no control.- In the : 
main experiment the known constraints' viere all concerned
with the reorganisation of the PEMS course for the
session for 1971-72. At the time of the reorganisation the 
first trial had been completed on the Electricity II course 
and this was one of two courses to be -unaffected,at least
in subject content,by the reorganisation. All other 
courses in the PEM8 course were modified,the parallel 
Electricity I course being dropped and the Electricity II 
course (retitled Electrical Circuits) being now given 
in one term (two lectures per week) instead of being given 
in two terms (one lecture per week). In fact all courses 
in the PEMS course were now given within the space of the 
first term of the session. The results obtained in the 
first and second trials of the system indicate that there 
are considerable differences in student behaviour on the 
Electricity•II (Electrical Circuits) course between the two 
years and performance in the examinations. The effect of 
these changes can also be seen in the increased retention 
on the revision test for 1971-72 over that of 1970- 719 
the retention being measured over a shorter time interval, for 
the second trial.
6.82 Motivation of the "I'TE" group. ;
Borrowings of audio tapes, books and tape/slide p// 
presentations vie re generally low, but where they were used, 
students were enthusiastic about their use. One suspects . 
that the students who were enthusiastic about them,were 
the generally enthusiastic students. In this study where 
all its facets depended on voluntary collaboration by those 
involved,one obvious lack was some means of providing 
the necessary, means to motivate the "HP1 type of student .
It is interesting to note that experiments which impose 
a method on a group of students do not normally have this
problem,but again they do not necessarily obtain any 
measure of student motivation.
Thus it may be that in this type of study,the first 
step should be an open exploration to see what happens,as 
here,but then this should be followed by an investigation 
which concentrates on the individuals who have been 
labelled "Non Feedback" group. This suggestion is based 
on the assumption that these labelled "Feedback" group 
are capable of.generating their own motivation and 
mapping their own path to success.
It may be that "F" group students are those who normally 
attend lectures regularly Whereas "NF" students do not, or 
"F" group students may have more systematic study habits 
than "HP" students. In either event it is obvious that one 
group performs in a superior way to the other as judged on 
end-of-course examinations. Also,although the system 
helps "F" group students,a further possibility in this 
work would be to examine why "HF" students do not benefit 
as much from it as "F" students and to discover what the 
further needs of the "NF" group are.Thorndike separates 
students into two broad types which he calls 'overachievers1 
and 'underachievers'.(Thorndike,1963). However,the word 
'achiever' again serves only to describe a condition which 
may be compounded of a number of factors. One factor 
may,for example,be group identification,for as has been 
seen in this study (section 6.7)a difference in performance 
emerges between "Electrical Engineers" and Chemical
Physics/Physics" as between the beginning and the end 
of the course.
Many other unexplored factors may lead to the 
motivation of the normal student,ana in a review of studies 
on academic achievement from 1960-1970 Scott Bower,
Boyer,and Scheirer conclude that although there is 1 little 
doubt about the factors leading to very high or very low 
academic motivation,these same factors do not operate in 
nearly so clear-cut a way with students of normal or 
average motivation.' They go on to say that 'there is an a 
an apparent need for studies of how the interrelation of 
positive and negative factors leads to - motivation in the 
average student.'(Scott,Boyer,and Scheirer,1970).Prom 
this and from the indications that have emerged it may 
therefore be that in studies of this kind one should 
examine not just group behaviour to see what emerges, 
although this is a necessary precondition.®^ should : 
follow it by a study of individuals,defined-in this study 
as members of the "NF" group,and then perhaps,as.Scott 
Bower et al. suggest,to plot a profile of positive and 
negative factors which may relate to their motivation. That 
many factors outside- course work do affect motivation 
would seem beyond doubt,as for example, in the study by 
Maclay. He concluded that although the socially isolated 
student might not interact with university life,he was 
more likely to receive a good degree than the one .who 
spent a good deal of time in the Students' Union'(Maclay,1968)
6*8$'Questionnaires and interviews.
Questionnaires-were-', discussed-''with members of staff 
and trial. tested' with, one or two students,being made as 
free from bias as possible. Although a certain amount of 
informal interviewing took place during this study,an 
improvement in questionnaire design could have been effected 
by the use of a planned series of interviews during the first 
trial.-..
In a similar way there could have been a more 
systematic attempt to elicit staff opinion,but at the time 
of the experiment the overriding principle with staff,as with 
the students,was voluntary help and comment. I now believe 
that more personal contact with the tutors and more 
involvement by them with the self-test materials in their 
tutorials,would in turn have produced more staff comment 
and would have rendered their tutorials even more effective.,
6.84 fhe potential of the small group discussion.
Although at this stage no attempt has been made to 
investigate the tutorial system other than to see how 
students and staff reacted to the provision of additional 
information on progress,there seems to be considerable 
potential in the small group discussion situation which 
is largely unexplored by individual members of staffvkShis 
unexplored potential includes the lack of use by tutors of 
the information provided in the study on 
student progress (section 6.6).Staff failed to see the 
possibilities of this feedback in terms of the student,but
also and perhaps equally important.they appear to have 
failed to see the possibilities of this feedback in terms 
of the improvements possible in teaching. MaciUamara asks ■ 
the following question related to the whole field of 
lecturer awareness:
1What sort of staff training is available for academic staff 
who wish to improve their teaching,and what account does 
this take of group dynamics?'(MacFamara,1972).
Members of staff in many universities agree in broad 
terms as to the value and purpose of small group discussion*, 
For example,Powell believes that f the least efficient dis 
discussion is superior to the lecture in developing 
problem solving ability.' (Powell,1964) and Broadley • 
summarises its purpose as:
a)active involvement
b)direct staff/student contact. (Broadley,1970)
Similar thoughts are expressed by members of staff in the 
present study (section,5*33) >but my own experience as a 
teacher is that of Broadley who finds a 'gap of silence' 
in many tutorials which tutors frequently feel that they 
must fill with a mini-lecture.(Broadley,1970).Maddox 
agrees with this and'makes the further important point that 
'most instructors contrary to their own belief monopolise 
discussion time and leave little opportunity for student 
contributions.’ (Maddox,1970). (The underlining is my own) . 
This accords with the remark of a student in a study of 
chemical tutorials in the University of Surrey previously
quoted:1 Lecturers don’t realise what problems students have 
with: the'.material; they either talk too simply or too 
complicated.’ (Hills,1971)
6.85 Staff,student and administrative considerations.
If we accept the premise that one should look at the 
teaching/learning process in a systematic way,that is,having 
regard to all the factors and the way in which they interact, 
rather than one particular teaching method,for example,the 
lecture,then one realises that even the system of tests 
etc. and the at tempt sv:bo cater for the students’needs at the 
level studied is not enough and it is necessary to look 
at individual students' needs -as Sheenan says 'the search 
for educational methods which will have optimal results for 
all individuals should be abandoned. Rather a system 
optimal for each individual should be sought.'(Sheenan,1969)• 
It is also necessary to consider factors of administrative 
convenience,for example,cost and ,perhaps just as important 
as all others,needs of the staff. Oost is an extremely 
important factor when attempting to assess a teaching/learnin 
situation,and if we consider the system used for the 
electricity course in this study realistically,it emerges, 
for example,that the use of the tape recorded lectures was 
so small as to render it doubtful that their use. justifies 
their cost.However the cost of tape recorded lectures was 
low and as pointed out in section 6.3 it was used by an 
enthusiastic minority.If Indeed It was helping students ■ 
who had little enthusiasm for the lecture method,then this .
minority use Is an important one.
It does emerge that the awareness generated by the 
self-tests is believed by students to be the thing of chief 
value,and this largely paper work,duplicating costs,etc• , 
is only a modest contributor to the cost of the method, The 
basic costs in this systematic approach are low,(Appendix A.2?) 
but any method which uses specially prepared media ana 
materials is bound to appear expensive,since the costs 
show real costs and not,as is the usual case,costs masked 
by office typing and duplicating,departmental Xerox costs 
and the preparation of relatively few audio-visual materials.
Keller in commenting on the "Keller Plan" says:
'our method has not yet required a grant-in-aid to keep it 
going.' (Keller,1969).The present study Is in the same 
position. Overall costs for staff time and materials are 
reasonably low and have been judged so by others (for example 
Appleby,1972), and continuing costs are mainly concerned 
with the cost of printing the self-tests together with any 
revisions the member of staff may make. In the session 
1973-74- these costs were borne by the■department of 
Electronics and Electrical Engineering.That the department 
itself is prepared to bear the continuing costs of the 
system indicates that the system is acceptable to them.
6.9 The main points emerging from this study.
The main points emerging from each experiment are 
given in sections 4.15, 4.24, 4.34, and 5-9» The following 
attempts-:; to distill from these and the discussion in ■
chapter 6 the main points emerging from the total study.
a)lypes of student.
Results of the trials of the main experiment indicate 
that students when considered in terms of two groups chosen 
on the basis of receiving knowledge of their progress from 
a number of self-tests given on an electricity course,show 
a difference between the groups in terms of performance on 
all end-of-course examinations looked at in the study -those 
who regularly took the self-tests showing a superior performance 
to those who did not. This may be because they are regular, 
lecture attenders,or it may give some indication of more 
basic and systematic study habits. In either event this 
separation of types of student could be used as an 1 early 
warning1 system to indicate which students needed more 
individual staff attention.:
b)Use of the system applied to the electricity course.
In this study the system which provided information 
on student progress throughout the course by means of self- 
tests caused students who regularly.received information 1 
on their progress to perform in a superior way to those 
who did not in the end-of-course examination for tha£ course; 
it increased their chances of passing the examination as 
compared with a reasonably --equivalent electricity examination
where the system was not applied to the course.(section 5*9)
c)!he use of lecture notes and other reference materials.
Additional materials provided for the main experiment
were used by a relatively small number of students. In this 
study although students stress the importance of writing 
lecture notes and buying copies of the outline lecture 
notes provided for PEMS courses,the regular study habits of 
the majority do not appear to extend much beyond this 
(section 4.122, 5* 63)•Students appear to apply the very 
practical criterion of usefulness in terms of the end-of- 
course examination to the use of any course materials#
For example,the relatively large amount of use given to tape/ 
slide presentations concerned with typical problems on the 
Electricity II course in 1970-71 is presumed to be because 
students regarded them as typical of problems which might 
arise in the examination.(section 3.22)
d)Lectures and other methods.
In this study students appear to like lectures and 
do not like their replacement by tape/slide presentations 
used as a substitute for the lecture. The criticism by 
both staff and students of the impersonal nature and lack 
of feedback where a recorded presentation replaces the 
lecturer (section 6.32)inaicates that personal contact and 
•feedback are thought to be important and desirable features 
in the normal lecture situation.
e) Active student involvement.
Throughout this study students show a liking for 
methods which involve them with the course material. There
is a particular contrast between their dislike of the passive 
tape/slide lecture substitute (section 4.15) and their 
liking for the active involvement of the system which uses 
self-tests in section 4.3« This liking is also evidenced 
in the trials of the main experiment where students indicate, 
satisfaction with the self-test material and in statements 
which indicate that they like to be informed of their progress 
even if they do not use the reference material provided 
for use with the tests.
f) Student motivation.
Motivation is an important factor both in behaviour 
on a course and in performance on end-of-course examinations.
The importance of motivation is shown in this study mainly 
in terms of the career motivation shown in the behaviour 
and performance :of groups of students from the Electrical 
Engineering department when compared with students from the 
departments of Chemical Physics and Physics on both trials 
of the main experiment.(section 6.7). 4
g) Staff awareness of the teaching/learning situation.
There is a need to make staff more aware of the 
implications of student perception of the teaching/learning 
process as well as of the process itself. That this need exists 
appears at various points in this study,in terms of the arbitrary 
changes in the PEMS curriculum (section 5-9)*the disparity in 
staff/student opinion (section 4.15,5.63,5.9) and the indication 
that staff need experience of a number of methods other than 
the lecture.(section 4.34, 6.84).
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APPENDIX.
A .1
Sample of slides and script used for Professor Jackson's 
tape/slide lectures.
&C= «\ Sv^
»5 A-tp^s^
<>►(5 ±&r&)
Similarly the condition 
for constructive interfer 
ence between radiation 
scattered from atoms B an 
C is that path difference 
B* * + CC’ is equal to an 
integral number of 
wavelengths. These two 
conditions lead to the 
Laue equations 
7.12a and 7.12b
n
where k , \ are
integers and a,b are the 
spacings of the atom. If 
these equations are satis 
• fied simultaneously, the 
radiation from all the 
scattering centres in the 
crystal adds constructive
Equation 7.12a is the
<os9^~kXCx! ^-^1 familiar condition for a
S A «*
diffraction maximanto be 
observed using a one- 
dimensional diffraction 
grating, and the essentia 
features of such a 
grating is that there are
B S Cs <3v sv*&
S ' A  < * 5 ^ /  c d  Z CK %Sr,d
^  |
v t - »  *
A  0 ;Tis ^**3 ® ?3 03 $%*& f
S  A  1?}S® C C  “ ©v Slr>^ > 1
reflecting elements 
arranged at regular 
intervals.
Consider now the plane 
OT drawn through the atom 
C in the figure in such 
a way that the angle of 
incidence at this plane 
is equal to the angle of 
reflection. If this angle 
is denoted by ^ , we
have
e'
or
S |> — ©<.
Questionnaire to be given after Dr. Jackson'f's- Structure 
of Atoms Taped Lecture l.(lOth. Dec.1969)
Dame:  __________  Department: ____ ____
Please answer the questions below in the spaces provided 
or circle the appropriate alternative.
1. What do you consider to be the important difference 
between the lecture you have just been given and previous 
lectures?
2. I rate this method of presentation better/about the same/ 
worse than previous lectures.
3. State briefly why you have given this rating in 
question 2.
4. I can remember more/about the same/less about this 
lecture than previous lectures.
5. State briefly why you have given this rating for 
question.4.
6. I understand more/about the same/less about this 
lecture than previous lectures.
7. State briefly why you have given this rating for 
question 6.
8. Was the material in this lecture presented too fast/ 
just right/too slowly ?
9. Was this lecture too long/just about the right length/ 
too short ?
A. 3
Questionnaire to be given after Dr. Jackson’s Structure 
of Atoms Taped lecture 3.(l7th.Dec.1969)
Dame : Department : " ;
Please circle the appropriate alternative in the 
statements given below.
1. I have now become more used to this method
of presentation. Agree/Disagree
2. Dow I like this method of lecture better.
than ordinary lectures. Agree/Disagree
3. I should like all lectures to be given
in this way. Agree/Disagree
4. I did not like the complete blackout in, the first 
lecture as I was unable to take notes. Agree/Disagree
5.. I usually take notes in a lecture. Agree/Disagree
6. I preferred the lights on in this lecture.
Agree/Disagree
7. This method of presentation seems to make things 
easier to understand. • ’ Agree/Disagree
8. I found things easier to remember in this sort
of lecture. Agree/Disagree
9. The materialiint'the first lecture was too fast*.
Agree/Disagree
10. Dow I find the material seems to be given at about 
the right speed. Agree/Disagree
11. I prefer lectures or tutorials by members of the 
staff as they give a personal contact. Agree/Disagree
12. In your previous questionnaire you did not mention 
books as a method of learning. I think books are very 
important in any course. Agree/Disagree
13. I found these tape recorded lectures too passive.
Agre e/Disagre e
14. I did not get the same amount of involvement
as with an ordinary lecture.. Agree/Disagree
15. The notes given in the P2MS lectures are so full 
that I. do not need to consult book references after 
each lecture. Agree/Disagree
16. I usually try to consult book references after
each lecture. Agree/Disagree
A.4- Questionnaire given at the end of the PEMS course 1969-70.
Dame: ; . Department: ■  .
Please answer the questions below by circling the 
appropriate alternative.
1. What are your feelings about the tape recordings 
of Dr. Jackson’s lectures given with slides in lecture 
theatre D? Like/Have no feelings either way/Dislike.
2. If you used them, what are your feelings about the 
tape recordings of Dr.Jackson’s Structure of Atoms 
course which were available from.the library?
Like/Have no feelings either way/Dislike.
3*What are your feelings about the three books used in 
place of lectures for Ionic Bonding and Van Der Waal’s 
Forces? Like/Have no feelings either way/Dislke.
Referring particularly to the work on Ionic Bonding 
that you have just done, please answer the questions 
below by circling the appropriate alternative.'
1. I rate this method of presentation better/about the same/ 
worse than previous lectures.
2. I can remember more/about the same/less about this 
work than previous lectures.
3. I understand more/about the same/less about this 
work than previous lectures.
4. If you have any comments on this method of working 
would you please give them below.
A.5 ■
■PEMS Stage 1 Examination. 1970.
Structure of Atoms.
Question Do. 5
Give an account of the process by which X-ray 
radiation is diffracted by a crystal and explain how 
this process can he represented as reflection from 
planes of atoms in the crystal.
State briefly what information can be obtained from 
measurements on X-ray diffraction.
Questionnaire given on Dr. Jackson’s taped lectures 
for PEMS Structure of Atoms course, Autumn Term 1969.
As a result of our experiment in the use of tape 
recorded lectures I should be grateful if you would 
complete the following short questionnaire and return 
it. to me.
Circle the appropriate alternatives,
1. Did you use the tape recordings?; Yes/No
2. Did you know that these recordings 
could be borrowed from the library
during the term? Yes/No
3. If you did not use these tape recordings were 
there any reasons for this?
Any other comments which might help us .in the 
establishment of a tape recorded lecture service 
would be very welcome.
a.7 . ; / v-.
Estimate of Attendance at PEMS Lectures. 
Lecture Theatre D.
Date- Lecturer- Subject-
n
Time-
Li
f i
Estimated No. attending-
A, 8 . ■
Sample material from the tests and booklets associated 
with a system which produces student orientation before 
the lecture using self-test materials.
PEMS Structure of Molecules. B.C.Staee.(11.3.70)
Ionic Bonding Book 1
Pront page of first booklet.
Ionic Bonding Book 1.
The test consists of two parts.
PARI I - a test of the knowledge you should have before 
you attempt the material on Ionic Bonding and 
PART II- a test to see what you already know about the 
material you will be working through.
When you have finished the test tear off the back page 
as directed and give it to the demonstrator. He will 
then give you an answer sheet for you to mark your copy 
of the test.
You will also, be given the first book of material on 
Ionic Bonding. It also contains work allied to the 
Part I test which will help you with your background 
knowledge.
How turn to the test on the next page.
Sample question from the test. PART I .
1* Which picture below best represents the idea of 
an atom which consists of an electron and a nucleus. 
Tick a) or b)
a)
.z'k:,*.* * ■
b) '<>
* t • •* ■,*•  ^  ^* * ♦
Answer Sheet Book .1 Ionic Bonding
The correct answers to PART I of the test were:
1. b)
If you have answered a) then turn to page 14 for
a discussion of this, 
etc..
WHEN YOU HAVE MARKED YOUR TEST AND LOOKED UP THE 
REEERENOES NEEDED, CONTINUE ON THE NEXT PAGE.
Sample question from the test PART II.
8, Draw the form of the potential energy curve for the 
two atoms which form a stable combination.
/h.
Energy
increase
distance between 
atoms increase
—  »
Sample page from Ionic Bonding Book 1.
Read the following notes carefully.
Certain words or phrases are underlined. If the meaning 
of these words is not clear or you wish to have more 
information on them, turn in this booklet to the page 
reference.given in the right hand margin.
When two atoms are coming together there are two 
alternative posibilities
1. That they fail to combine.
2. The formation of a stable combination
l) That they fail to combine.
If they fail to combine, the electron clouds 
of the atoms produce an increasing repulsion as 
the distance between the two clouds becomes 
smaller.
This produces an unstable situation and also 
shows an increase in the potential energy of the 
system.
If the distance between the two atoms is r 
then we can plot a curve of the potential energy 
as the distance between the two a t oms becomes smaller .
Atoms in this state would tend to move away from 
each other in the direction of lower potential energy,
between the two atoms
Energy
increase
r increases
Sample page from Reference material to Book I Ionic Bonding.
The following notes refer to answers in the test and to 
specific points in the content material;
"page 17 '
Electrical Potential Energy 
Electrons are single negative charges.
The region about a charged body is called an electric field 
of force since any other charge located in this region 
will experience a force of either attraction or repulsion.
A charge in space has associated with it an electric field 
of force that exerts a force upon any other charge located 
within this electric field.
Causing a charge to move within this electric field 
requires work to be done on the charge. Just as the 
potential energy of a rock changes as it is either carried 
higher up a cliff or falls down the cliff, so the potential 
energy of a charge varies as it is moved from one place 
to another while in the influence of the electric field 
of force of another charge.
A.9 Analysis of student performance on the preknowledge 
test. 1970-71
Number of students taking preknowledge test = 99 
Over 10% of the students were weak on:
The relationship between QI and t 
The symbol for inductance 
Expressions showing power and work 
Graphs .
The relationship between wavelength, velocity and period of wave 
Differentiation and integration..
Exponentials.
A.10 Analysis of student performance on the preknowledge
test. 1971-72 ;
Number of students taking preknowledge test = 9 4  
Over 10% of the students were weak on:
The relationship for charge (QI and t)
The symbol for inductance
Expressions showing work and power \
Graphs ■
The relationship between wavelength, Velocity and period of wave 
Differentiation and Integration 
Exponentials .
Sample self-test material and answer sheet from 
PEMS Electricity II 1970-71 26th.November 1970
Test to be given and marked in lecture 8 of the course.
PLEASE ANSWER THE QUESTIONS BELOW IN THE SPACES PROVIDED. 
WHEN YOU HAVE FINISHED MAKE A COPY OF YOUR ANSWERS ON 
THE ANSWER SHEET AND HAND IT IN.
1. What is the voltage at A in each of the following 
three diagrams?
it A(A) (A)
x
iA(B) (B)c CxV6
(C)
V 0 - I
PEMS Electricity II 1970-71
Answer sheet with suggested references for test in 
lecture No. 8. Thursday 26th. November 1970
The books or tape/slide presentations are available in 
the reserve book room of the library.
Book abbreviations.
Scott -"Elements of linear circuits” R.E.Scott
Addison Wesley.1965.
Babb -“Resistive Circuits” D.S.Babb
International Textbook Co.1968.
Mittleman-"Circuit Theory Analysis” J.Mittleman 
Illiffe Books limited.1965.
QUESTION
NUMBER
1. (A) 
(B)
■(C)
2. (a)
C.+C
C.+C
SUGGESTED
REFERENCE
Mittleman 
pages 35-45 
and
pages 98-99
Scott
pages 167-171
A.12 Explanatory Booklet
PEMS Electricity II 'Autumn Term 1970
Keep This Booklet With You 
Throughout The Course
UNIVERSITY OF SURREY 
FEMS ELECTRICITY 2 
Q. V. DAVIS
This booklet is designed to explain the organisation of this 
course and the methods that will be used on it.
If you have any particular problems relating to the course 
either at the beginning, or at any time during it please 
contact your tutor or your lecturer.
PEMS, 1970 - 71 - ELECTRICITY II.
AUTUMN TERM 1970
SCHEME OF WORK FOR THE COURSE.
(You may be given additional assignments in your tutorial classes)
LECTURE N—  1
Test of Background Knowledge 
Discussion of Test Answers.
I
LECTURE N;os 2 - 4
Lectures based on Electricity 
II course notes
Section I Introduction 
Section II Some circuit laws ♦
Refer to directed 
references in the 
library.
LECTURE 5
Test on Sections I and II. 
Discussion of Test Answers
LECTURE N-os 5 - 7
Section III Transients 
in lecture notes.
LECTURE N- 8
Test of Section III. 
Discussion of Test Answers
T
LECTURE 9 ~ 10 T
Section IV Inductive 
Circuits in lecture notes
Refer to directed 
ref erencos In the 
library
Refer back to 
recordings of 
previous 
lectures if 
necessary.
Ra ise any 
further 
difficultie 
in
tutorials.
'W
Re for to directed 
r eferences in the 
library
Refer bc*ck to
ptevioyA
lectures if 
necessary.
g-"— «■1   -
Ra ise any 
farther 
dif i icuit ies 
in
tutorials*
CHRISTMAS VACATIGN
ELECTRICITY XI, Q, V. DAVIS
This course is designed to introduce a study of three 
problems
1. How do electric circuits behave?
2. How can the method of analysis of 
circuits be refined?
3. How can electrical circuits be used?
The course will consist of three main components
I LECTURES
REFERENCE
MATERIALS TUTORIALS
There will be IB lectures on this course, 
1 per week on Thursdays period 1 in 
Lecture Theatre D,
During the lectures you will be given 
question sheets to enable you to test the 
extent of your own knowledge. The answers 
to these will be you will be
directed to further reading etc., so that 
you can correct any difficulties you may 
have.
Each lecture will be tape recorded.
These tape recordings and portable tape 
recorders will be available on loan from 
the RESERVE BOCK ROOM of the library.
REFERENCE In addition to the normal book stock of
MATERIALS the library certain books and other reference
material have been placed in the Reserve 
Book Room.
These consist of 3 main types.
1. Tape recordings of the lectures on the 
course ( generally available 2 days 
after the lecture has been given ).
2, Book references for background reading.
3. Tape/slide presentations.
These are recorded tutorials designed 
to help you with certain problems which 
may arise .
It is difficult ih a large group of students to ; 
discuss individual problems. A tutorial group 
consists of a few students and one member of staff 
so that you can discuss difficulties more directly. 
Details of rooms and members of staff for the 
tutorials have been given to you.
The purpose of these tutorials is
1. to help you with the problem solving
part of the courses Electricity 1 and 2
2. to enable you to discuss any difficulties 
you may have on the course with your tutor 
and other students.
and
Use''of the Library
The specific page references, tape/slide presentations 
and tape recordings of lectures are to be found in the 
reserve book room of the library. This is situated on 
level 22 which is the bottom library floor.
I RESERVE 
| BOOK ROOI^ 
I & information
I office I
Books which may be of general use to you in this course 
can be found on level 23. .
Books on Physics at classification 53
Magnetism & Electromagnetism 538 
Electricity 537'
Electrical Circuits 621.301 
The tape/slide presentations use a tape recorder with 
synchronised slide projector. This equipment is very easy 
to operate - the library staff in the reserve book room will 
show you how to use it.
A booklet on the Use of the library is available at the 
issue desk of the library.
BOOKS IN THE RESERVE BOOK ROOM OE THE LIBRARY
These are the books used for suggested readings 
when you mark your self-tests. If you want to consult 
them ask in the reserve book room of the library.
Details of other books, tape/slide presentations 
etc. will be given at the appropriate points in the course.
Details of Book Abbreviation
Basic Electricity for Electronic
Engineers.A.W.N.Kerkhofs. B.E.
Principles of Electricity.
A.Morley and E.Hughes.2nd.Ed. P.E.
Eundementals of Physical Science.
K.Krauskopf and A.Beiser. E.S.
Fundemental. Principles of Physics.
E.W.Constant. • P.P.
Programmed Basic Electricity.
Books 1 - 6.Learning Systems Ltd. Prog.B.E.
Mathematical Methods for Science
Students. G.Stephenson. M.M.
Resistive Circuits.D.S.Babb. Babb
Elements of Linear Circuits.
R.E.Scott. Scott
Circuit Theory Analysis.
S J.Mittleman. Mittleman
Advanced Maths. for Technical
Students. Vol. 1.A.Geary. Geary
Quick Calculus.Klepner and Ramsay. Q.C.
A,13 -
Breakdown of course contents distributed to staff 
PEMS Electricity II 1970-71.
Institute for Educational Technology
From p .  j .  Hills
To « Mr * P. J. McVey 
Dr. B. Ward 
Mr. D. Hughes 
Mr. M.S. Hodgart 
Dr• G . Brown 
Dr. T ..Konwerski 
Mr. L.S. Mansi 
Dr. J.C. Pais 
Dr. R.J. Seebold
Mr. Q.V. Davis is very kindly allowing me to introduce some 
new educational techniques into his PEMS Electricity II lecture 
course during the Autumn 1970 and Spring 1971 terms.
Part of this work will be concerned with being able to*gave the 
student good page references to explain concepts or ideas that 
he may either not have or be confused about. A
We axe particularly concerned that these references should 
be good single explanations of difficulties that might come up 
at the beginning or during the course. We should be most grateful 
if you could recommend any books (with page references if possible) 
that you have found particularly useful to help students with the 
difficulties listed on the following sheets (these can be books 
that are already in the library, or books that you know of).
This is a time consuming process, but any recommendations
that you could make immediately without too much trouble and could
send to iae fairly soon, would be much appreciated./ -*
The enclosed sheets are arranged so that you can write your 
recommendations on the right hand side.
Many thanks.
P. J. Hills
Reference p jh/jlh 
Date is July, 1970.
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A.14
Tape/Slide presentations available PEMS Electricity II 1970
Mr. Q.V.Davies;
Problem B1 Charging of a capacitor
Problem B2 A.C.Circuit analysis
Problem B3 Transients in an inductor
Problem B4 A.C.Circuits: performance as a function
of frequency
Problem B12 Transients in a capacitor - resistor combination
Problem B13 Frequency response of a circuit
Problem B14 Transients in an R-l-C combination
Dr.B.Ward:
1 Time Constants
2 Differentiation
3 Integration
Dr. G-. Brown:
1 Resistive Circuits
2 Mesh Analysis
3 Sinusoidal Functions
4 J Notation and Phasor Representation
5 Examples of Phasor Diagrams
6 Time Varying Functions
7 Frequency Responses of Simple Networks
2£2ES5f32E|
by P. J. HiHs, Lcverhiibne Research Fellow, hist hi* re for Rducatlona I ■ Technology, Univer­
sity of. Surrey.; •; • y
:
A1,
"\- ks.
/ (  s t u d e n t  'u s in g  a  t a p e - s l i d e m a c h i n e  d e \
In  a n  e a r l i e r ' a r t i c l e  { G e t t i n g  T h i n g s  
T a p e d .  I . C . S . .  A u g u s t  8. 1069) th e  
p r o b l e m s  i n v o l v e d  in  s e t t in g  u p  a 
cassette  r e c o r d e i  l i n k e d  to  a n  a u t o ­
m a t i c  s l id e  p r o j e c t o r  w e r e  d isc u s s e d .  
A t  the  r im e  o f  w r i t i n g  the  m a c h i n e  
w a s  o n l y  a p r o t o t y p e ,  b u t  it has n o w  
p e r f o r m e d  s u c c e s s fu l ! )  a n d  has  b e e n  
p la c e d  in the  ta p e -s l id e  u n i t  show n in  
the  p h o t o g r a p h .
T h e  e q u i p m e n t  used in th e  " ta p e -  
s l id e  l i n k  cons is ts  o f  a P h i l l ip s  
c as se t te  ta p e  r e c o r d e r ,  ty p e  H I -  3302. 
a P h i l l i p s  s l id e  s y n c h r o n i z e r .  t y p e  I T  
1995A .  a n d .  a  K o d a k  C a r o u s e !  a u t o ­
m a t i c - s l i d e  p r o je c t o r .
fn  th is  t w o - t r a c k  cassette  
r e c o r d e r  th e  l o w e r  t r a c k  is used f o r  
r e c o r d i n g "  a n d  i t ^  w as  t h e r e f o r e  
n e c e ss a ry  to  i e m o v e  the  e rase  h e a d  
f r o m  th e  m a c h i n e  a n d  r e p la c e  it w i t h  
the  h e a d  f r o m  the  s l id e  's y n c h r o n iz e r  
u n i t  s o  th a t  this r e c o r d e d  s y n ­
c h r o n i z i n g  pu lses o n  Lite t o p  t r a c k  o f  
the ta p e .
T h e  e s s e n t ia l  fe a t  t ire  o f  the e q u i p ­
m e n t  is t h e r e f o r e  th a t .  • as d is t i n c t  
f r o m . r e d - i o - r e d  fa n e  r e c o r d e r s  w h e r e  
the  ta p e  is m a i n ' l y l e d  'rum;. .!  th e  
h e a d  o f  th e  s y n c h r o n is i n g  u r . i t .  it) th is  
m a c h i n e  th e  sv n c h r o . n i / in g  . h e a d  is 
t a k e n  io  the  t a p e -  t his is th e  o n l y  
m o d i f i c a t i o n  to  o - b c r \v is0 .s ta n d a rd
x d o p e d  a t  t h e  U n i v e r s i t y  o j  S u r r e y .
e q u i p m e n t  a n d  v e ry -  l i t t le  ■ e x t r a  cos t  
a n d  t r o u b le  is i n v o l v e d .
T he n e x t  s tep  w as to  d e s ig n  a b o o t h  
in  w h ich  t o - o p e r a t e  the  e q u i p m e n t .  
A t  f irs t  o u r  r e q u i r e m e n t s  w e r e  th a t  
th is  .s h o u ld  be p o r t a b l e  a n d  -of low- 
cost.  T h e  f i rs t  d e s ig n  w a s  b a s ic a l ly  
a k n o c k d o w n  c u b e  o f  s ide  th re e  ft... 
m a d e  o f  h a l f  in .  p l y w o o d  w i t h  the  
p r o j e c t o r  s h o w in g  f o r w a r d  o n  to  a 
s m a l i  w h i t e  sc re e n .  T h i s  w a s  s o o n  
m o d i f i e d  to  u s in g  b a c k  p r o j e c t io n  v ia  
a m i r r o r  o n  to  a p iec e  o f  g r e a s e p r o o f  
p a p e r .
T w o  th in g s  b e c o m e  i m m e d i a t e l y  
a p p a r e n t .  F i rs t ,  t h a t  to  a v o i d  a 
d o u b l e  im a g e ,  a n  o r d i n a r y  b a c k  s i l ­
v e r e d  m i r r o r  w as n o t  s u f f i c i e n t  — cy<*n 
a c o m m e r c i a l  b a c k  p r o j e c t io n  screen  
a n d  m i r r o r  t h a t  w a s  t r ie d  p r o d u c e d  a 
s l ig h t  d o u b l e  i m a g e .  A  d o u b l e  im a g e  
d id  n o t  seem  to  m a t t e r  w h e n  s h o w i n g  
t y p ic a l  h o l i d a y  s l ides ,  b u t  it w a s  no t  
a c c e p t a b le  w h e n  s h o w in g  l in e  d i a ­
g r a m s  o r  g r a p h s .  F r o n t  s i lv e r e d  m i r ­
rors  a re  thus  ess e n t ia l  bu t  e x p e n s iv e
 a s m a l l  m i r r o r  f o r  th is sys te m  cost
a p p r o x im v p o ! )  £ 3 . W e  a r e  i n v e s t i ­
g a t in g  o t h e r  c h e a p e r  s o lu t io n s .
S e c o n d l y ,  the g r e a s e p r o o f  p a p e r  
used fo r  ih e  screen  W a s  n o t - e n t i r e l y  
s a t i s fa c t o r y  a n d  a f t e r  c o n s u l t in g  the  
u n iv e r s i t y  A u d i o - V i s u a l  A i d s  U n i t ,  
w e ' d e c i d e d  u p o n  T r a n s h i . . \  w h i c h  i> 
a grey  r e a r  p r o j e c t i o n  m a t e r i a l  sup-. ,  
p l ie d  b y  A n d r e w  S m i t h  ar id  l l a r k -  
ness.
R es u l t - ,  u s in g  th is  a r r a n g e m e n t  
h a  vc b e e n  ve r y sa t is  fa  c t o  r  y , T  h e 
la tes t  d e s ig n  s h o w n  ir> th e  p h o t o ­
g r a p h  d o e s  n o t  h a v e  t h e  p o r t a b i l i t y  
o f  th e  o r i g i n a l  c u b e ,  b u t  it d o e s  h a v e  
th e  a d v a n t a g e s  t h a t  t w o  p o s i t io n s  c a n  
be f i t t e d  i n t o  th e  m e t a l  f r a m e  o f  n  
54 in .  by  26 - f in . ' ' t a b le  a n d  t h a t  th e  
r e s u l t in g  s tu d e n t  a p o s i t io n s  a r e  
d e s ig n e d  f o r  c o m f o r t  a n d  ease  o f  
v i e w i n g  a n d  w r i t i n g  s u r fa c e s ,  f t  rs 
a g a in  c o n s t r u c t e d  o f  p l y w o o d  a n d  
t h e  b a s ic  m o d e l  is e s s e n t i a l l y  c h e a p  
a n d  e a s y  to  c o n s t r u c t .
A  tw o -p o .s i t io n  v e r s io n  o f  th e  u n i t  
w a s  e x h i b i t e d  a t  th e  N a t i o n a l  C o n ­
f e r e n c e  o f  P r o g r a m m e d  L e a r n i n g  
a n d  E d u c a t i o n a l  . . T e c h n o l o g y  h e ld  a!  
L o u g h b o r o u g h  U n i v e r s i t y  lays 
m o n t h .
T h e  - research  p r o j e c t  o f  -w h ic h  th is  
w o r k  is a p a r t  is c o n c e r n e d  w i t h  n o  
i n v e s t i g a t io n  o f  . th e  use o f  sc I f - te a  o h -  
in g  s i t u a t io n s  in  , u n iv e r s i t y  s c ie n c e  
co u rs e s .  T h i s  i n v e s t i g a t io n  has  
f a r  been  c o n c e r n e d  w i t h  t h e  use o f  
v a r i o u s  a u d i o - v i s u a l  a id s  in - c o n ­
j u n c t i o n  w i t h  p r o g r a m m e d  l e a r n i n g  
t e c h n iq u e s  in  b o t h  th e  t h e o r y  ' a n d  
p r a c t i c a l  w o r k  o f  f i r s t - y e a !  u n d e r ­
g r a d u a t e  s tu d e n ts  f r o m  th e  d e p a r t ­
ment, ■> o f  ph.vsics. e l e c t r o n i c  a n d  
e le c t r i c a l  e n g i n e e r in g :  m e t n i u r g y
a n d  c h e m 'c u !  p h v s .c -  t a k i n g  -  c o m ­
m o n  . c o u r s e  - 'in- the- -L n i v e r - . ' t v  o f  
S u r r e y . .
A.16
Sample slide material showing test strips for trial 
tape/slide sequence.
V—n/wv—'
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A.17 Explanatory Booklet
PEMS ' Electrical Circuits 1971-72
Keep this booklet with you 
throughout the course.
U N I V E R S I T Y  OF S U R R E Y
PEMS ELECTRICITY
Q. V. Davis
[This booklet is designed to explain the organisation of this course and 
the methods that-w ill be used on it.
|If you have any particular problems relating to the course either at 
[the beginning, or at any time during it please contact your tutor or 
fyour lecturer.
fThis course is designed to introduce a study of three problems:
I 1. How do electrical circuits behave?
i ■ . ■ ■ ■ ■
| 2. How can the method of analysis of circuits be refined?
i
| 3. How can electrical circuits be used?
I . , ■ : • / \
IThe course w ill consist of four main components:
TESTS MATERIALS TUTORIALS
LECTURES
There w ill be 15 lectures on this course.
Each lecture w ill be tape recorded. These tape 
recordings and portable tape recorders w ill be 
available on loan from the library issue desk*
SELF-TESTS
During the lectures you w ill be given self-test question 
sheets to enable you to test the extent of your own 
knowledge. The answers to these w ill be given and you 
w ill be directed to further reading etc., so that you 
can correct any difficulties you may have.
REFERENCE
MATERIALS
In addition to the normal book stock of the lib rary  
certain books and other reference m aterial have been 
placed in the library. These consist of 3 main types:
Tape recordings of the lectures on the course 
(generally available two days after the lecture 
has been given).
Book references for background reading.
3. Tape/slide presentations. These are recorded
tutorials designed to help you with certain problem 
which may arise.
TUTORIALS
It is difficult in a large group of students to discuss 
individual problems. A tutorial group consists of a 
few students and one member of staff so that you can 
discuss difficulties more directly. Details of rooms 
and members of staff for the tutorials have been given 
to you.
The purpose of these tutorials is:
1. to help you with the problem solving part of 
the courses Electricity 1 and 2.
and:
2. to enable you to discuss any difficulties you may 
have on the course with your tutor and other j 
students.!
BASIC SCHEME 
FOR THE 
COURSE
These four components are linked by the basic scheme shown below which 
you should use throughout the course:
DO SELF-TEST Answers H\ REFER TO REFERENCE
MARK SELF-TEST incorrect MATERIAL IN  THE LIBRARY
all
answers
correct
CONTINUE WITH
LECTURE
MATERIAL
REFER BACK TO 
RECORDINGS OF 
LECTURES IF  > 
NECESSARY
RAISE FURTHER  
DIFFICULTIES IN
t u t o r ia l s
This basic scheme is shown in the scheme overleaf in outline form  only.
I SCHEME OF WORK FOR THE COURSE
LECTURE 1
SELF -TEST of background knowledge
W a ll correct
LECTURES 2-4 
Section I  Introduction 
Section I I  Some circuit laws
LECTURE 5
SELF-TEST on Sections I  and II
all correct
LECTURES 5-7 
Section I I I  Transients
answers
incorrect
directed reading
tutorials
answers
incorrect
LIBRARY tape /s lid e  
directed reading
tapes tutorials
LECTURE 8
SELF-TEST on Section 133
LECTURES 11-12
Section V Sinusoidal functions
and imaginary numbers
answers ,
•yinffiTwmwmmmrnmmmmm
incorrect'
_all correct
LECTURES 8-10 
Section IV  Inductive circuits
LIBRARY tape /s lid e  
directed reading
tapes tutorials
Course ends
LECTURE 13
^ELF-TEST on Sections IV  and V answers .
LIBRARY tape/slide  
directed reading
■ incorrect
W a ll correct V
LECTURE 14 tapes tutorials
Section V I Steady state — v? w
sinusoidal analysis
Y \
LECTURE 15 LIBRARY tape/slide
SELF-TEST on Section V I answers
incorrect
directed reading
tapes 
 —
tutorials
0*
Use of the Library
Reference books, tape/slide presentations and tape recordings of lectures 
can be obtained from the library issue desk.
iBooks which may be of general use to you in this course can be found on
! Level 23.
I .|
iBooks on: Physics at classification 53
1 Magnetism and Electromagnetism at classification 538
I E lectricity at classification 537
I • E lectrical circuits at classification 621.301I -
j The tape/slide presentations use a tape recorder with synchronised slide 
| projector. This equipment is very easy to operate -  the lib rary staff 
| w ill show you how to use it.
! • ' ' : v; ■■■.
] A booklet on the Use of the Library is available at the issue desk of the 
| L ibrary if you do not have a copy.
I If you wish to find a book on the general library shelves and do not know 
| how to use the catalogue, please ask at the issue desk.
I
BOOKS AVAILABLE AT THE LIBRARY ISSUE DESK
Details of book; Abbreviation:
Basic Electricity for Electronic 
j Engineers. A. W.K.Kerkhof s. B.E.
| Principles of Electricity.
I . .
i A.Moriey and E.Hughes. P.E.
I ■ /■ ; ; ■
I Fundementals of Physical Science.
I ' '
j K ,Krauskopf and A.Beiser. P.S.
i  ■ ’ ' ■ • -
| Fundemental Principles of Physics.
• P.W.Constant. ; P.P.ij . ' . ■
Programmed Basic Electricity.
I Books 1-6. Learning Systems Ltd. Prog.B.E.
Mathematical Methods for Science 
r Students. G. Stephens on. M.M.
I Quick Calculus.
Ij Klepner and Ramsay. Q.C.
i ’ . ■ ■
ij Resistive Circuits. D.S.Babb. Babb
g ■
| Elements of Linear Circuits.R.E.Scott. Scott
g • ■ ■ ■ .■
| Advanced Mathematics for Technical
I .
| Students.Vol.1. A.Geary. Geary
j Circuit Theory Analysis.
! J.Mittleman. MittlemanS'
r . .
( Basic and Advanced Electric Circuits.
r  ■■■ -
| Vol.l. S.Brooks. Brooks
A.18
Sample self-test material and answer sheet from 
PEMS Electrical Circuits 1971-72
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Special answer form for self-tests# 1971-72
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N
U
M
B
ER
C
H
O
IC
E:
13/.i2/io 2 / 7 0 4 / 7 2  C O H P l t E O  OV XAIE HK. 5C
M A I  tflt NT
0 ' I I S T ' ( t P , 4 t  >
0 1 'j f M •) 7 0 * ( f 0 » U « COMP, , A X X X )
0 ’ i-0*J *C-' (f 0, OB
0 • Cd m PACT O A T A 1
0 ’ f> M D 1 ( ED,OB P l(HP)
0 ' f OMM E H T ' A NcJ F A C IL I TY  "AS BEEN I N T R O D U C E D  TO P R OV IDE  EXTRA D E T A I L S
0 UHl.-i an f.xEf.tJTION £RROS OCC UR S. YOU U ! L 1. REF. THE C O M P I L E R
0 . HAS D I V ID ED  voii* P R O G R A M  IN1C N U M B E R E D  SLO CK S. THE EX T RA
0 I N F O R M A T I O N  u lL L RE FER TO THESE BLO CK  N U M B ER S AND S H O U L D  PE
0 e a r . t o  u n d e r s t a n d .
O ' -  ;
0 ' INPUT.' 3 = CR0
0 'OUTPUT' 0 a L P U »Y* 5
0 'OUTPUT' 2 = L P 2 , 4 5
0 'INPUT' o = t h o
0 'OUTPUT' 1 »T PO
0 'OUTPUT' 3 s CPv)
0 'SPACE' 100
0 'TRACE* 2
0 'r»EGIriVSELECrlNP.lT(3>; S E L E C T O U T P U T  (0) I
A - - - - -
A
4 ■ 
4
'C O M M E N T ' **** i n p u T FR OM DOC S O U RC E ** **  J 
'BEGIN' U10 H0 01
4 ' REAL 'H EANJ  f • —  ........... - ...........  ' - U 1 0 H 00 2
4 :
B LOCK  1 ;
'INTEGER' C O U n t ; .^ . .. .... U 1 0 H 0 0 3
. 5 ' 'INTEGER' T O T S C O R E , S T U D E N T S ;  : U 1 0 H 0 0 4
......... 6 •INT EGER'  N U M B E R , I , J , K , L , H . N , T E S T , S C O R E »R A N K , U N A T T ,V RONG J U 1 0 H 0 0 S
7 • INTE GER ' THIRD;. U 1 0 H 0 0 6
6 ' INTEGER' N U H H l , B A S E , U M I T r S U R P ;  . ... U ‘ 0 H 0 0 7
9 'PEAL' F A C I L I 'v . D I S C R I M , P E R  CENT; U 1 0 H 0 0 8
10 ' I N T E G E R ' H A X P c H NO , P E H N O ;  . • ’ U 1 0 H 0 0 9
11 'INTEGER ' A.BI ' • U 1 0 K 0 1 C
1? • R E A L ’ S D , f T OP > f 0OT ; -•— U 10H0 11
13
. 14
' I N T E G E R ’ C » D . E .* ■
N UM BE R j=READ; ---- ---- ---------------......... .. • U 1 0 H 0 1 2
16
17
E : - read;
S T U D E N T S ! = 0 J • --- ............... ..... - -,v.. U 1 0 H 0 1 3
18. 0:= r e a d ;
19 m a x p e m n o 'b r e a o ; • - ' L M O H O U
20 'BEGIN' U 1 0 H 0 1 5
20 'INTEGER' ' A R k AY' T I T L E [ 1 : 2 0 1 , N A M E t D :M A X P E M N O , 1 j 8 3 , P£M I D jM A X P E N N O ] » U 10 H 016
B LOCK  2' ' - --- --- - ’ - -
20 T O T S C O R E I D !U A X P E M n O ] , ( H 1 . N U M B E R ] , A N S 1 1 s N U M B E R , D l M A X P E M N O ]  ; U 1 0 H 0 1 7
20 'I n t e g e r ' »a r p a y » t o t a l ,n o n a t t ,t h i r d i ,t h i r D 2 , a t t h i r d i ,a t t h i r d 2 U 1 0 H 0 1 8
21 [ 1 J N U MB ER  3 J U 1 0 H 0 1 9
• 21 • i n t e g e r ' 'ARRAY' RES P C1 t E »1 | NU-MBER J ; . • - ............ U1 0 H 0 2 0
22 ' I NTEGEP "  A R R A Y 'L I N K T D jM A X P E M N O ] ; U 1 0H 02 1
23 ' INTEGER' 'ARRAY* S C O - E S £D 1M A X P E M N O 3 I ................ ,\ U 1 0 H 0 2 2
24 'P RO C ED UR E'  SKIP; U 1 0 H 0 2 3
. ' B LO CK 3 . . . . .  ...... . . 7..
25 'BEGIN'; L 9 ; 'IF' NEXrCrt = C O D E ( » < *%»)*) U 1 0 R 0 2 4
27 •OR' N E X TC H  = C O 0 E ( » ( ' E L ' ) ' >  » T H E N ' U 1 0 H 0 2 5
27 ' BEGIN* SKIPCHJ U 1 0 W 0 2 6
- 29 ■ ; ■ . ■•... 'GOTO' 19 '7 •/ U 1 0 H 0 2 7
29 'END' . U 1 0 R 0 2 S
29 'END' OF SK IP  .*• ■ ■■ - ... . .. U 1 C H 0 2 9
29 'P R O C E D U R E 'A R k P A C K ( X .A »C> ; U 1 0 H 0 3 0
31
BLOCK 4 ...- • .•• .... .. .
' v a i.u e 'x .C: U 10 H0 31
32 ’ARRAY'A; » I NT EG ER 'X , C:  ' E X TE R NA L' I - U 10 H 0 3 2
34 • P R O C E D U R E ' P A C K  IX, W, C) .* ill 0 H 0 3 3
36
. b l o c k  s .. . ........ . ... ; - • ..........  ..... .... .
' VALU E'X ,c; * U 1 0 « 0 3 4
37 * I NT E G E R ’X . W . c ; ' E X T E R N A L '  I U 1 0 H 0 5 5
38 'I N T E G E P ' 'P R O C E D U R E ' A k R U N P A C K ( A , C ) I U V 0 H 0 3 6
40
BLOCK 6
•v a l u e » c ; U 1 0 H 0 3 7
41 • A R H A Y ’A : * INT tGfcR'C;'EXTERNAL'I ...... U 1 0 H 0 3 8
43 • I N T E G E R ''P R O C E D U R E ' U n p a c k ( U , c> I U 1 0 H 0 3 9
BLOCK 7
45 ' V A L U E 'w.c; U 1 0 H 0 A 0
4e> ' INTEGER'!),Cl'EXTERNAL'J U 1 0 H 0 4 1
4/ • F O R ’ I i = l'STEP'1'i lNTIu 'N UMBE R'DO' U 1 0 H 0 4 2
49 'BEGIN' 'FOR* .ls» 1 'STEP* 1 'UNTIL* fi 'DO' R € S P ( J , I] I a 01 U 1 0 H 0 4 3
52 TUT4LI 11 soT HlRDt 'n  1 : = ATI H I RD2T I] : --NONATT ( I ) t = Th’I RD1 (II r “ A T T H I R D U  I J 1 »0J UlOn O 44
53 'END'; U 1 0 H 0 4 3
54 •FOR' I : a D. 'S i f P * .  1 'UNTIL' M A X P E H N O  •D O »' SCO RE SI I ] i»0I U 1 0 H 0 4 6
56 c o u n t  s«t»; U 1 0 H 0 4 7
57 l? i U 1 0 H 0 4 8
37 5 K I P { U 1 0 H 0 4 9
3H I : 3 o ; U l  0.H050
5 V 1 3 t U 1 0 H 0 3 1
50 CT*> N'E X T C H - C O  >F < ' r ' A ' > ’ > I
60 M E '  C ' G fc * 0 'And' c <E * THEN'
6.1 ' G f  G I N ' U 1 0 H 0 5 4
00 1 • - • * 1 I U 1 0 H 0 3 3
* 2 0 f I 1 ' a R F A D C H ; U 1 D H 0 5 6
i'S r, v. i pi. h ; . U 1 G« 0  3 7
.7 , 7 , 1 . : . . ' :; - 7 ,
66
65  
6ft
66 66
69
70
70
71 
71
73
74
75
76
77 
73
79
80 
81 
81 
83
34
35 
86 
37 
83 
83
89
90 
90
92
93 
9 6
95
96
97
98
99 
99
100
101
101
101
103 
106
104 
104
COU NT  : ■COU NT *1 ; •
* ! F ' COUN 1 <NU>:Uh0 'THEN' 'OOTO' L3I
' f >l ft '
* F L S e * 'BEGIN' s k i p c h ;
•g o  t o * is;
'END' i
I 4 t
'FOB* I 1 * RE AO 'U H l I E ' I#0 *00'
'BEGIN*
p e m n O :3 I ; 
skip; ‘
* E OB * J !5 1 'STEP* 1 'UNTIL* 8 'DO' 
’F 0 R ' l : 3 1 *7.3,4 '00'
P A C K {H E AD Cr t, SA M E [ P E H N U , J 1 , L)J 
' E N D * ;
s * Ip;*
* FOR* K: = 1 ' S T E P ’I 'tlNTIL’iO* DO'
.' F 0 R ' N ; * 1 ,2,3* 6* 00'•begin'
P A C K C R E A D C H . T i T L E U J  ,N) ;
'END*;
' F0R-»Kj»1 ' S T E P ’T W N T U ' Z O ' O O *
'FOR * N; = 1,2,3,4» DO' 
p3IN TCH (U NP A Cf t (T IT LE t< J ,N > )»  :
N E W L I N E ( 5 ) J
L 5 S  : '•
J:» 0-1;
'FOR' A:* R E 4-0 'WHILE' A# 0 'DO' - 
FAIL; ■
'BEGIN' J :» J ♦ 1 S ' r . -
P E H [J ]:= AJ 
'EOS' I ; =1 'S TE'P.* 1 ' UNTI L ’ N U M B E R  ' DO* - -
A N S n . J I : = C O 0 £ C ' ( ' % « > ' ) ;
IINATT : = W R O N G ; s S C O r E ; » R A N K j3 0 i •. -
TE ST j =0;
C O U N T : =0l - -
I;*0; • . • .-.■■■
16 s . - ■ - -----------
' I F ' N E X T C H = C O O E < ' ( * Q ' ) ’> 'T H E N ' C O U N T ! = I | » I *1 I
Cj= N E X T C H - C O O E { •f ' A ' )* ) J
•IF* C ’G E ' 0 'AND' C<E 'THEN'
'BEGIN' . .. : •- -
A N S C I ,J I ; s R E 4 D C H ;
•IF* C O UN T C N U M B E R  'THEN' 'GOTO* L6I
'END' •
•e l s e '     - ,'- ■ ■ • - -
•BEGIN' SKI PC H;
U 1 0 H 0 5 8  
U 1 0 H 0 3 9  
U 1 0 H 0 6 0  
U 10 N0 61  
U 1 0 H 0 6 Z  
U 1 0 w 0 6 3  Ul0x064 
U 1 0 H 0 6 5  
U1 (1h066 
U l 0 H 0 6 7  
U 1 0 H 0 6 8  
U 1 0 W 0 6 9  
U 1 0 H 0 / 0  
U 1 6 H0 71  
U 1 0 H 0 7 2  
U 1 0 H 0 7 3  
U 1 0 K 0 7 4  
U 1 0 H 0 7 5  
U 1 0 H 0 7 6  
U 1 0 H 0 7 7  
U l 0 * 0 7 3  
U 1 0 H 0 7 9  
U 1 0 H 0 3 0  
U 1 0 H 0 8 1  
U 1 0 H 0 8 2  
U 1 0 H 0 8 3
U 1 0 H 0 S 5  
U 1 0 H 0 8 6  
U 1 0 H 0 8 7  
U 1 0 H 0 8 8  
U l 0 * 0 8 9  
U 1 0 R 0 9 0  
U 1 0 N 0 9 1  
U 1 0 H 0 9 Z  
U 1 0 H 0 9 3  
U 1 0 H 0 9 4  
U 1 0 H 0 9 5  
U 1 0 H 0 9 6
U 1 0 H 0 9 9  
U 1 0 H 1 0 0  
U 1 0 H 1 O 1  
U 1 0 H 1 0 2  
U1 0 H 1 0 3  
U 1 0 H 1 0 4
106 M F 1 N£X TCH^ CPOfc (« ( 1 EL 1) 1 > •THEM* - - - U 1 0 H 1 0 5
106 'GOTO* 16; U 1 0 H 1 0 6
•--r. •- -• 107 • - 'IF* C O U N T K N U M B E R  'THEN' - U 1 0 H 1 0 7
c  ■ ' ' ' ■ 107 'BEGIN' A := READ; U 1 0 H 1 G 8
109 - 'IF' P E M C J ] = 4  .'THEN* 'GOTO' L6; U 1 0 H 1 0 9
110 WO 1 TE TE X Tl  ’ < ' D A T A X E R R O R X A T X C A R D ' )')1 U 1 0 H 1 1 0
f - . = -.... 111 -.. PRIN T I P E M I J ]  ,3.,0> ; U 1 0 H 1 1 1
'T 112 W S I T E T E X T C  ( ' F O L L O W E O X B Y X C A R O ' ) ')» U 1 O N  11 2
113 P S I N T < A , 3 , 0 ) | . "C'-.v-"--.'-i- U 1 0 H 1 1 3
c 114 'GOTO' FAIL U 1 0 H 1 1 4
114 ---- ■ ■■ 'END' ; ' ..... - -- ■ . ... . .... .. U l O K 1 15
115 'e n o ' ; U 1 0 H 1 16
(  ■ 116 'FOR' I:*NUMBcR. 'STEP* -1 'UNTIL' 1 'DO' U 1 0 H 1 V 7
117 •b e g i n ' U 1 0 H 1 1 8
■ v.-~ 117 B : 3 A N S C l , J 1-3872; U 1 0 H 1 1 9
r" 119 •IF' B>0 'THEN' - R E S P C B , U s a R E S P C B . I ] + 1 ; U 1 0 N 1 20
120 • I F ' A N S [ I , J J - 0 1 I J  'THEN' - -  -■■■- U 1 0 H 1 2 1
120 •BEGIN' S CO RE .> N J  : " S C O R E S  CJ 1 +1 * " U l 0 V 1 22
C ' 122 - T 0 T A L t I ) : » T 0 r A L l I J + 1 ; - - • ■ ■ - ■... U 1 0 M 1 2 3
123 TEST 1"1 - U 1 0 N 1 2 4
123 'END' :■ ... UlOK  125
c 123 •ELSE' U 1 0 H 1 2 6
123 •BEGIN' U 1 0 N 1 2 7
123 •IF' A N S r i , J l = C O O E ( « ( ’X'>') 'THEN' U 1 0 N 1 2 8
t 124 •BEGIN' U 1 0 K 1 2 9
124 • t F' T ES T a l ' T H E N ' U 1 0 H 1 3 0
125 W R U N 6 ; » U H 0 N G * 1 U 1 0 H 1 3 1
r 125 ■ ' E L S E " B t G l N ’U N A T T s = U N A T T * 1 | U 1 0 W 1 3 2
127 NO NA TT I IJ I 3 M 0 N A T T C I ) * 1 t U lO KI  33
123 ' E N 0 ' ; 1)1 OH 1 34
C 129 • E N D ’ U 1 0 H 1 3 5
129 • ELSE " B E G I H ' W R O N G :  " W RO NG* 1; U 1 0 H 1 3 6
131 . TEST : »1 U l OK I 37
131 'END'; U 1 0 H 1 3 3
132 ' FNft.' ; UlO KI 39
133 'run'; U 1 0 H 1 4 0
136 •e n d '; U 1 0 N 1 4 1
135 f:» J;
136 S T U D E N T S : 3 J-i>*1)
, ■ ■ 137 f >U !< t): 3 < S T U D E N TS * ?)  ' / • 3 I U l O H l 43
13H 'tOR' Jr" 0 'STEP* 1 'UNTIL' C 'DO'
1 5‘> i . I N K U J f j ; U 1 0 H 1 4 5
1 40 'FOR' A:=> D *^'EP» 1 'UNTIL* C ’DO'
161 ’ n E r, t», • i j a l I n M  a 1 ; U 1 0 H 1 4 7
163 ' F O H ' ««!<• A» 1 'STEP' 1 'UNTIL' C 'DO'
1 4 4 ' DEO I N * ! M l f NK {r* 1 ; U 1 0 R 169
\ i* h * I * ' .COW> S { I ICSCOAESC J ) ' T H E M U 1 0 M 1 5 0
1 4 6  
1 4 8  14V 
1 49  
1 4V 
1 5 0  
1 51
1 5 2
1 5 3  
'1 54  
1 5 6  
15  7 
1 5 3  
160 
1 6 0  
161  
1 6 2  
1 6 3
1 6 5166
1 6 7
1 6 8  
1 7 0
1 7 0
171  
171  
171
1 7 3
1 7 4
1 7 5176 
1 7 6
1 7 8  
1 7 3
1 7 9
1 8 0  
181  
1 8 2  
1 8 3  
1 8 3  
1 8 3  
1 8 6
1 8 5
1 8 6  
1 8 7
1 8 7
1 8 8
• n £ G i N • LI N X (0] i a IJ
L I N K f A ) » » 1 j » J |
’END' -
'END*
•end';
R A N K ! *  0 J 
T E S T l = A : = Rs"0;
N U M M l  !.» N U N i H  -.-1 ;
'EOS' B A S E ! 3 '! ' S T F p > 15 'UNTIL' NUMM1 '00'
•BEGIN' S U S P : 3 NUMflEP-8ASfc!
L I M I T ;o ‘ IF* S UH p <15 * f H £ N • SUSP 'ELSE* 151 
SPACE(fl>; ■
'FOR* I :3 1 'STEP' 1 'UNTIL' LIMIT 'DO' PR I N T < I+ B A S E ,2»0) ;
* IE' SUSP » L E ' 15 'THEN'
U R I T E T E X T  (.’ { ’ /. X S C 0 R E X X R A N < * ) • ) J 
N E W L I N E ( 2 ) I
» F O P ’' I j " 0 'STEP' 1 'UNTIL' C '00'
' B E G I N * J : “ L I N M 1 ) J 
P W I N T < P E M [ J 3 , 6 . 0 ) ;
S P A C E d ) ;
'FOR' K:= 1 'STEP' 1 'UNTIL' L IMIT  »0O«
'BEGIN' P R I N T O H I A N S I K * B A S E , J ] )»
SPAC E T4 )
'END' i - ■
' I f  SURP  'LE* 15 'THEN'
•BEGIN'  - r" -  ----- ■
S P A C E d  ):
S C O R t : = S C O R E S C J J  I - 
A : = A + 5 C O R E ;
B : « 8 + s C O R E * 5 C O R E ;
' I f  SCuRfc^TEST'THEN* .
'BEG I..' R A N K i = r a n k *1J   ----...
T E S T •" S C O R E  '
, . ' E N D * ;   -  -   -
p r i n t < s c o r e , 2 , o > ;
PRI NT  (RANK. 3 , u) .* - - -.....
S P A C E d ) ;
K:» PEM (J); - . . . - -....
' I f  O M A X P E M N O  • O R « <<D 'THEN' S P A CE < 32 )  'ELSE*
' I f  N A M E U , 1 i = U  'THEN' $ P A CE <3 2>  'ELSE' ~ - - -
'FOR' K : =1 'STEP' 1 'UNTIL' 8 'DO'
•FOR' N :s 1 , 2,3, 4 * DO *   -- - -
P R I N T C H ( U H P A C K < N A M E t P E M [ J ] , K J , N > ) I
• FND ' ; - - -.. ■ . ..  ....... .
N F W L l N E d  )
'END' ; --
P AP E R T H R O W ;  • - : -
U 1 0 H 1 5 1  
U l 0 * 1 5 2  
U l 0 * 1 5 3  
U 1 0 M 1 3 4  
U l O h I 53
U 1 0 K 1 5 6  
U l O H l 5 7  
U l 0 H 1 5 8  
U 1 0 * 1 5 9  
U l 0 * 1 6 0  
U 1 0 * 1 6 1  
U l 0 * 1 6 2  
U l 0 * 1 6 3  
U l 0 * 1 6 4  
U 1 0 * 1 6 5
0 1 0 * 1 6 7  
U 1 0 H 1 6 8  
U 1 0 * 1 6 9  
U 1 0 * 1 7 0  
■Ul 0 *1  71 
U l 0 * 1 7 2  
U l 0 * 1 7 3  
U 1 0 * 1 7 4  
0 1 0 * 1 7 3  
U 1 0 * 1 7 6  
0 1 0 * 1 7 7  
U l 0 * 1 7 8  
U 1 0 * 1 7 9  
U l 0 * 1 8 0
U 1 0 M 1 8 2  
U 1 0 * 1 8 3  
U 1 0 * 1 8 4  
U 1 0 * 1 8 5
U10*186
U 1 0 * 1 8 8  
U 1 0 H 1 8 9  
U l 0 * 1 9 0  
.Ul 0 * 1 9 1  
U 1 0 * 1 9 2  
U 1 0 * 1 9 3  
U 1 0 H 1 9 4
1 8 9
1 9 0
191
1 9 2
1 9 2
1 9 3
1 9 5
1 9 6
1 9 7
1 9 8
1 9 9  
1 9 9
1 9 9200 
200 
200 
200 200 201 
202 
202 
202 202 
202 202 
2 0  3 
2 0 6
2 0 5
206
2 0 7
2 0 8
2 0 9
210  
211  
212
2 1 3
2 1 4
2 1 5
216 217
2 1 9
220 
271  
222 
2 2 6  
2 2 5  22 7
' E N D ' ;  '
m E A n ; = A / s t u d e n t s ;
S D ; " S O R T ( B / S T U D E N T S - M E A N T ? ) ;
' F O R ' A ; = 1 ' S T E P ' 1 ' U N T I L ’ T H I R D , S T U D E N T S * T H I R D * 1  
' S T E P ' T ' U N T I L ' S T U d E N T S ' D O '
• B E G I N ' T E S T : = 0;  .
J r *  L I N K I A * D - 1 J ;  - - -
• F o f J  : = N U m 3 E R ' S T E P ' - V ' U N T I L ' 1 ' D 0 »
• B E G I N ' * I F ' A N S f l , J ) = Q [ I 1 ' T H E N ' - - - - - - - - - - - - - - - -----
■' B E G I N " J F » A '  L E ' T H I R D ' T H E N '
T H I R D 1  t l J : = T H I R D 1  (I 3*1 .....
• E L S E  '
- - - - -- -- -  T « I R D 2 C 1 3; = T H I R D 2 C 1 1 * 1 J-- -- --- - ----
. T E S T  1=1
■ - - ■ -  -  ' E N D '  --
• E L S E '
.......  ' I F ’A N S t I »J 3 = C O D E < ' ( ' * ' ) ' ) • T H E N 1 —
’B E G I N "  I F ' T E S T  = 0 ' T H E N '
...............  ' B E G I N "  I F ' A ' L E ' T H I R D ' T H E N '
A T T H I R D 1 1 1 3 : = A T T H I R D 1 H 3 > 1
 .... ... ...   - ' E L S E '
A T T H I R D 2 C I ) | » A T T H I R 0 2 C t J f 1
.....  .. .  .. : ■ ''END'
' E N D '
' E L S E ’T E S T  I" 1 1
' E n d ';
' e n d 1 ; r ; 
n f w l i n e < 3 ) ;
W R I T E T E X T ( ' ( ' H O . X O F X S T U D E N T S 3 ' ) •);
PR I NT (STUDENT.'' . 3 , 0 )  ;
N F W L l N E d ) !
S R A C E ( 5 4 )  ;
UR I T E T E X T (  ' ( ' M £ A N «' ) ' ) I
p s  i n t  (m e  a n , 2, **);;
N F W L l N E d ) !
S P A C E d ? ) ;
W R I T E T E X T C C S T .  D EV =»») ') J  
P? I N T ( S O , 2 , 4 ) ;
•FO R'  I : <* 1 . 2  'DO'
'b e g i n ' p a p e r  t h r o w ; 
j •* n u m b e r ;
» 1 f  J>10 'the n • NUMBt«:3 10|
• F O R '  K : *  1 ' n T E P 1 10 ' U N M L ’ J 'DO '
• b e g i n • n r w l i r  ( 3 ) ;
WK I r E I  I  XT " (  ' JUES1 I O N M * 2 0 5  • ) ' • ) ' ) J
• f () k • A I = K ' S T E P *  v  ' U N T I L '  N U M B E R  'DO' PR  I N T ( A , 4 , 0 ) I 
N t U l  I - . M M
U 1 0 H 1 9 5  
U 1 0 H 1 9 6  
U1 0 * 1 9 7  
U l 0 * 1 9 3  
U 1 0 * 1 9 9  
U l 0 * 2 0 0
U l 0 * 2 0 2  
U l 0 * 2 0 3  
U 1 0 H 2 0 4  
Ul 0 * 2 0 5  
U l 0 * 2 0 6  
U 1 0 * 2 0 7  
U 1 0 * 2 0 8  
U 1 0 H 2 0 9  
Ul 0 * 2 1 0  
U1 0 * 2 1 1  
U 1 0 H 2 1 2  
Ul 0 * 2 1 3  
U 1 0 * ? I 4  
U 1 0 * 2 1 3
U l 0 * 2 1 6  
U 1 0 * 2 1 7  
U 1 0 * 2 1 8  
U 1 0 * 2 1 9  
U V 0 K 2 2 0  
U 1 0 H 2 2 1  
U10*222 
U 1 0 H 2 2 3  
Ul 0 * 2 2 4  
Ul 0 * 2 2 5  
U l 0 * 2 2 6  
U 1 0 * 2 2 7  
U 1 0 H 2 2 8  
U 1 0 H 2 2 9  
U 1 0 * 2 3 0  
U 1 0 * 2 3 1  
U l 0 * 2 3 2  
U l 0 * 2 3 3  
Ul 0 * 2 3 4  
U 1 0 h 2 3 5  
U 1 0 w 2 3 A 
U 1 0 * 2 3 7 
U l 0 * 2 3 8  
U 1 0 H 2 3 9  
U l 0 * 2 4 0  1)10*261
2 2 8 ' F O R '  0 : «  1 ' S T f  p * 1 ' U N T I L '  E ' D O* U 1 0 'A 2 4 2
i i < ) ' B E O t N '  Ui»I  TE f EAT ( • ( • N U M B E H X H E S P 0 n D J N 6 * »  > * ) J ’ U 1 0 H 2 4 3
731 PH I N I CH t 6 * 3 8 7 2 ) ; U 1 6 H 2 4 4
i i  2 S P A C E * ' / }  i U1OH 2 4 5
2 5 3 • F O R '  A • a K ' S T E P '  1 ' U N T I L *  NUM0FP * 0 0 * U1OH 2 46
2 3 V P K I N  I t H f c S P f B ,  A ) » 4 * 0 ) » U 1 0 *  2 4 7
2 3 5 N F U H f . E < 2 > U 1 0 N 2 4 B
2 3 5 ' E N D ’ ; U 1 0 M 2 4 9
2 3 6 WR I T E T E X T  < • < ' N i i . : x n F %R l  OHT’t AHSUEaS ' < 1 85  ‘ > ' * ) * } I U 1 0 X 2 5 0
2 3 7 ' F O B *  A ; » K  ' S i F . P *  1 ' U N T I L '  NUMBER ' D O ' U 1 0 H 2 5 1
2 3 8 P U N T  ( T O T A L l  A j .4,-0) J U 1 0 H 2 5 2
2 3 9 NEWLI  H E ( 2 ) J U 1 0 * 2 5 3
2 4 0 WR I  TE TEXT ( ' { »  PERCENTER i  G H TX AN SUE R S ’ ( * 7 S *  ) " > > >  ) U l O H 2 5 4
241 ' F O P '  A : =  K ' a T E P ' 1 ' U N T I L '  NUMBER ' D O ' U 1 0 H 2 5 5
2 4 2 • B F G I N • PERCENT ; a TOT A L I A 3 /  S T U d E NT 5 *  1 0 0  J U l O X  2 5 6
2 4 4 • I P *  PERCENT ' 0 E «  9 9 . 5  ' T H E N ' PR I NT I P E R C E N T . 4 , 0 ) U 1 0 * 2 5 7
2 4 4 • E L S E *  P R I N T < P E R C E N T , 2 , 1 ) ; U 1 0 X 2 S 8
2 4 5 • E N D '  J U 1 0 H 2 5 9
2 4 6 - N F U L I N E ( 2 ) ; U l OH  2 6 0
2 4 7 WRl  TE I E X T ( ' ( ' RFHCENTXAT T E M P T S ' ( ' 1 2 S ' > " ) ' )  I U 1 0 X 2 6 1
2 4 6 • F O P *  A : - K  ' S ' F P » .  1 ' U N T I L '  NUMBE,« ' D O ' U l 0 * 2 6 2
2 4 9 ' B E G I N '  PERCENT : s <  ( S T U D E N f S- NO N A T T  {'A} ) / S T U D E N T S ) »1 0 O |  ' U 1 0 H 2 6 5
251 • I F '  PERCENT ' G f '  9 9 . 9 5 ' THEN'  P R J N T ( P E R C E N T , 4  * 0> ' E L S E ' U 1 0 * 2 6 4
251 . P R I N T ( P f c K C E N T , 2 f  1 ) ; U 1 0 H 2 6 S
2 5 2 ' E N D '  ; U 1 0 H 2 6 6
2 5 3 N£WL 1 NE ( 2 ) » U 1 0 H 2 6 7
2 5 4 W R I T E T E X T T ' ( ' F A C I L I T V ' { ' 2 0 5 * 1 ' ' ) ' ) *  . U l  0 X 2 6 8
2 5 5 ' F O R '  A : = K ' S f E P ’ 1 ' U N T I L '  NUM8ER ' D O '  - U 1 0 H 2 6 9
? 56 • I F ' N O N A T T t A  r = STUnf NT. *  * T H E N » S P A C E ( 7 ) ' E L S E ' U T 0 H 2 7 0
2 5 6 • B E G I n ' F A C I L I t V t B i O T A u l A ) / ( S T u D E N T S - N O N A T T J A J )  | U 1 0 H 2 7 1
2 5 8 P R I N T C F A C l L l T Y f l # 2 ) ;  ' U 1 0 H 2 7 2
2 5 9 ' E N D ' I U 1 0 X 2 7 3
2 6 0  . N F W L I N E ( 2 ) 1 U 1 0 H 2 7 4
261 U R l T E T E X T C C r . I S C K l M I N A N T '  ( ' 1 6 S ' ) " ) ' ) J  - U l 0 X 2 7 5
2 6 2 • F O R '  A : '  S f E P ' 1 ' U N T I L '  NUMBER ' D O ' U 1 0 * 2 7 6
2 6 3 » I F » A T T I i l R 0 1 f A l = T H I R 0 * O R » A f T H l R D 2 I A } = T H l R D ' T H E N « S P A C E ( 7 ) ' E L S E ' U 1 0 * 2 7 7
2 6 3 ' B E G I N ' F T O P : * ' H I R 0 1 [ A J / < T R I R D - A T T H I R 0 1 f A J >) • U 1 0 * 2 7 8
2 6 5 F SOT : = T H I  Rr>2 C A i /  (  TH I  R 0 “ A T T H I  3 02  ( A J ) J U 1 0 H 2 7 9
2 6 6 D I S C R I M j e f T 0 P - F 8 0 T J  - ‘ U 1 0 * 2 8 0
26  7 P R I N T I O I S C R I N * 1 » 2 ) I U l 0 * 2 8 1
2 6 8 'e n d ' ; U l 0 * 2 8 2
2 6 9 N U M B E R : 3 NUMBtR + 1 0 I -- U l 0 * 2 8 3
2 7 0 ' I F *  NUMBES>J ' T H E N '  NUMBERJ*  J ) U 1 0 H 2 8 4
271 ' E N D ' ; - - --------- ............. - .................... U 1 0 H 2 8 5
2 7 2 . 'e n d '; '• U 1 0 H 2 3 6
2 7 3 PAPERTHROWJ , . U 1 0 * 2 8 7
2 7 4 'e n d ' ; • . . U 1 0 * 2 8 8
- 2/5 . 'END'/  • . "7 • • - U10H289
2 7 6  ’E N D * ; 4
N O  Of r U C K E T S  U S E D  59 - - -     -
C OM PILED 8U5ER EC
Specimen Printout for Program 114
T i T U  « REMS E L E C T R I C I T Y ,  T EST L E C T U R E  13 19 N O V E M B E R  1971
. ■ 1 2 :■ 3 4 5 6 7 3 9 'ii 10
j 590 E C 8 A B B C C B C
564 E E B A B C C C B C
i 567 D ' E 8 A ■ . B B C C B C
| 627 E C B A B C C C B C
| 598 E E B A B 3 C G 8 C
j 604 E E B A S B C C B C
I 550 E E B ; A B B C C B C
! 548 E E B A B B C  B 8 C
' - 438 -E ,■ E 8 A B B C  C B C
570 E E 6 A B B C  C B C 
| 616 D E 9 A 3 8 C C 8 C
j 552 0 E B A B . 3 C C B • C
j 514 D E E A B B C  C B C
| 522 £ E C A B B C C 8 C \
I 358 E E A A B S C C B C
483 C E B A B B C C B C
j 498 £ C B A B. 8 C C B C
I 574 E E B A 8 . B C C B C
623 £ C C A B C  C C S  C
516 E E E A 8 B C C B C
506 E B A A  8 B C C B C 
j 557 E E B A B C C C B C
j 315 P E 8 A B S C / C B C
j 561 E E 8 A B 8 C C B C
I 620 E E 8 A B C C . . C B C
I 489 P E E  A B V  B C C B C
I 513 D E E D 8 3 C C 8 C
I 492 P E E A 3 B C C B C
| 565 E E 8 A 8 C C C B C
| 551 E E B A B D C C B C
I 490 D E E A B B q C 8 C
| 569 D E B A B - C C C B C
1 583 D P B A B B C C B ' C
575 D D 8 A B B C C 3 C
\ 518 £ E D A B B C D B C
I 523 E E A A B C C C 9 C
j 501 0 E 8 % A B B C 3 B C
| 540 0 E . B . A . 8 B. C / C - ' B : C
I , 525 E E E A 8 C C C B C
I 435 S E 8 A B B  C C 3 C
I -  486 A E 8 A 8 - S C C 8 ; ■ C
Specimen Printout for Program 114 continued.
A. 21
Sample of the type of information circulated to tutors.
To s All P3HS Electricity Tutors. iXth# October 1971.
Proa: P. J.Hills,-1ST.
I Please find enclosed details of the Questions given in the Freknowledge
5 ■' *,
| test in the first lecture of the course9 for which less than 9<$ of
i -
I the students answered correctly.
! The correct alternative for each question is circled,and the
I percentage of students obtaining correct answers is given for each
| - question.
f Please note the following alterations to the test not on your original
$
! :-version::
|
I _x
i Question Ko. 23 and 29. the alternate S -afc" was missed off the original
- I .  •
t
I There were two errors on the answer sheet. The answer to Ho. 27 should be C
i . •
I and to Bo .33 should be A| -
I These were communicated to the students.
-M
CO
t-4
bO
CO
A.22 Usage of library based.materials. 1979-71
Books borrowed from the reserve book room.
Number of students borrowing books ■ from "the "aSserve
book room = 26 (16 Elect.Eng. students, 10 Chem.Phys.
and Physics students)
Book Number o f times borrowed ]
Babb ' . 19
Scott
M orley and : 1
Hughes JL
Stexenson ’ 4
| Klepner and 
] Ramsay ' 18
[ Geary 3 '■
Total number of borrowings = 5 7
Tape recorded lectures borrowed.
Number of students borrowing tape recorded lectures = 7 
(5 Elect.Eng. students, 2 ChemPhys. and Physics students)
Taped lecture No. No. of times borrowed.
| / . 1 0
r  2 ■ ■
i 3 j.'"'.'/■ -■ 2
i .. 4 " 4 ;
■ - 5 i ;v:
6 4
1 7 '
' 8. 2-
1 9 1
1 10 ; 1 ' ■ ■ ■ . |
1 11 ■ i . '■ ■ i
r ■ 12 ■ i ■ J
0
1 14 1
Total number of borrowings = 24
Tape/slide presentations borrowed.
Number of students borrowing tape/slide presentations = 40 
(25 Elect.Eng. students, 15 Chem Phys. and Physics students)
_  - . -
1 Tape/slide presentation.3 -
—  — —  - . ....—  |
Dumber of times borrowed. \
| Dr. Brown lo.l : 7 j
1 ' -2 . - 12
i
® 4
1 ; ■. ^  
■ 5 "
' 7 j
S: 6 
1 7 ■ 5 ' . .  1
1 Q.V.Davis Problems j
1 -  B 1  . 1 7 : i
I B 2 !
1
1 b 3 ■ .
15 ' ■ ' ■ I
‘ 1
12 ■ :■%>.]
B 4 * 1 1 ■ 1. i
I " B -12 14 j
! B 13
B 14 7 ■ ■ ■ ■ ' ■ - 'V I
1 Dr. Ward No.lI 1" ■■ « 9 ;  ' ■■
I 2 ■ 8
1 3 6.. . . . . . . . . . . . . . . . . . . . ■■
Total number of borrowings = 152
A. 23 Usage of library based materials. 1971-72
Books borrowed f3om reserve stock at library issue desk.
■Humber, of students borrowing from reserve stock = 4 
(1 Elect.Eng. student, 3 Chem.Phys. and Physics students)
i Book j Number of times borrowed, j
i Stevenson " T ~ ~  ■ 3
Klepner and ■ 1 ^
Ramsay 
__ _____ __ .... 1 1 1
Total number of borrowings = 4
V ; Tape recorded lectures borrowed.
Number of students borrowing taped lectures = 15 v 
(4 Elect.Eng. students, 11 Chem.Phys. and Physics students)
Taped lecture No. 
1
. 2
3 .
4
. 5 A'
7
8
3 . 9
10 
11 
12 
13
/ 14 
15
No. of times borrowed.
0 ■
1 
■ 6
5 .7
6
y 4 
2
y 4 
■ 5
■ :;y 3
' 5...
- "5 •■ :.
2
l. y 
o
Total number of borrowings = 50
Tape/slide presentations borrowed.
Number of students borrowing tape/slide presentations = 14 
(5 Elect.Eng. students, 11 Chem.Phys. and Physics students)
'slide presentation No. of times borrowed.
oiaweawBnws
Dr. Brown No. 1
Jq .v .Davis Problems 
B 1 
B 2 
B 3 
B 4 
B 12 
B 13 
B 14
Dr.
|
iesasiB**
Ward No.1 
2 
3
1
1
2
1
5
2
4
4
3
2
1
0
3
4
2
2
-j
Total number of borrowings = 39
A. 24
Sample of questionnaire used for PEMS Electricity 11.1970-71.
PEMS ELECTRICITY II 1970-71 Thursday 18th. February 1971. 
Name: Department: .
Please answer the questions below circling the appropriate 
alternative or writing in the space provided.
1. In the test Just completed, did it cover the subject 
matter Well/No feelings either way/Badly
2. Did you use the reading references? Yes/No
3. Have you used the tape recordings of lectures? Yes/No
4. If tape recordings used did you find them
Useful/No feelings either way/Not very useful
5. Did you use any of the tape/slide presentation? Yes/No
6. If tape/slide presentations used did you find them
Useful/No feelings either way/Not very useful
7. Have you raised any problems associated with the last 
test material in tutorials? Yes/No
8. If yes, please give brief details.
A,25
Sample of questionnaire used, for PEMS Electrical Circuits.'
1971-72
PEMS ELECTRICITY 1971-72 Autumn Term 1971
NAME: DEPARTMENT: ~ -
The purpose of this questionnaire is to find out how 
well the system of tests and references used on this 
course worked for you.
1. In this course there have been 15 lectures. Draw a 
circle round the approximate number that you attended. 
0-5 5-10 10-15
2. Did you buy a textbook for this course? Yes/No
3. If you did, give the author1s name and title below. 
Author: Title:
4. Did you obtain a copy of the lecture notes for this
course? Yes/No
5. Did you find the self-tests useful? Yes/No
6. Did you use more than one book in you reading for
this course? Yes/No
7. Did you write lecture notes? : Yes/No
8. Did you add to you lecture notes after you had
written them? Yes/No
9. Did you rewrite your lecture notes afterwards?
Yes/No
10. Did you use the reading references given in
\
the tests? Yes/No
11. for the reading references, did you use hooks from
the library issue desk/the library shelves/Other(eg.own books)
12. Did you use the tape recordings of the lectures?
Yes/No
13. Did you use the tape/slide presentations? Yes/No
14. If you used the tape/recordings of lectures, did 
you use them because you
missed the lecture/wanted to hear it again/wanted it for 
revision/other reason(please specify )
15. Did you bring up questions from the self-tests 
in tutorials? Yes/No
16. Did your tutors go over questions from self-tests 
in tutorials? Yes/No
17. If the self-tests were not useful to you, please 
give reasons below.
18. In what ways were the self-tests useful to you?
A.26.
Self-test results and PEMS end-of-course examination results
a) 1969-70 PEMS end-of-course examination results for 
the Structure of Atoms, Electricity I and II courses. 
(% raw scores)
A = Absent for examination.
Note- Student numbers given are specific to this study 
and do not correspond to the "PEMS No."
Student Structure Electricity 
No. of Atoms______I__ II
166 38 34 18 CHEMICAL PHYSICS
167 68 84 90 STUDENTS
170 37 32 35
171 58 72 17
172 38 63 30
173 37 89 47
175 38 49 53
176 17 47 25
177 40 44 43
178 60 60 50
180 53 58 40
181 58 45 13
182 37 33 48
183 47 53 65
184 38 39 35 ELECTRICAL
185 55 74 32 ENGINEERING
186 63 97 68 . STUDENTS
187 37 62 47
188 47 52 28
189 42 68 55
190 53 ; 47 48
191 52 51 30
192 43 68 27
193 47 57 42
194 43 93 87
195 42 49 55
196 45 45 38 .
197 23 48 48
198 70 90 83
199 57 63 50
200 40 60 30
201 60 61 35
202 33 72 63
203 37 37 15
204 47 63 58
205 45 95 42
Student
No,
Structure 
of Atoms.
Electricity 
I II
206 53 73 60
207 55 86 43
208 35 58 68
209 63 95 87
210 A 38 8
211 37 61 45
212 55 DO 82
213 60 80 35
214 48 55 62
215 63 95 78
216 43 76 67
217 53 29 22
218 43 67 53
219 58 55 52
220 43 68 40
221 38 80 50
222 53 63 12
223 58 46 52
224 60 78 78
225 47 81 50
226 70 79 63
227 62 82 40
228 73 85 100
229 25 41 18
268 48 75 68 PHYSICS
269 45 67 60 STUDENTS
271 27 43 38
272 68 68 58
273 62 86 82
274 62 81 47
276 43 42 18
277 87 85 65
278 67 49 23
279 45 86 57
280 45 31 23
281 60 65 30
282 52 32 40
283 72 80 60
284 58 69 42
285 45 31 10
286 43 42 75
287 25 52 15
288 70 61 48
289 37 75 35
290 47 32. 62
291 57 35 47
292 68 30 10
293 22 27 20
294 37 27 67
295 42 79 73
296 53 24 13
297 38 46 5
298 47 37 30
299 50 18 58
Student Structure Electricity
No, 6f Atoms. I II
300 40 73 43
301 45 62 47
302 43 45 43.'
303 67 84 52
305 43 46 25
306 35 67 8
307 33 21 0
308 50 65 62
309 47 42 27
310 72 53 38
311 47 67 43
312 58 64 63
313 37 26 30
314 47 76 38
315 35 28 40
316 53 95 82
317 100 56 60
318 57 41 45
319 100 49 25
320 98 46 13
321 67 54 33
323 73 50 45
324 A 45 40
b) 1970-71. Self-test results for ElectricityH and
PEMS end-of-course Electricity I and II examination 
results (jv raw scores).
A = absent for test or exam . Gompat .5 = Test 5 marked as I
Stud Self-test in0 ■ lect. (*)ileviB- Compat. PEMS Electric:
No. 1 1 8 13 15 15 5 . I ■ 11
1 A :A . A A A A A 13 7
2 79 70 38 46 38 78 85 70 55
3 68 44 31 38 A A —  ■ 58 62
4 87 41 8 31 38 50 42 83 22
5 71 56 15 100 28 64 20 18
6 82 81 A . 54 38 42- 100 90 95
7 87 70 31 A 25 50 92 63 65
9 A 56 A A A A — 60 12
10 71 41 23 A 25 35 57 22 12
11 84 48 A A A A 45 13
12 89 •63 54 46 75 75 85 72 78
14 76 48 31 A A A — . ' 43 33
15 89 48 A 23 A A . 70 38
IS 79 59 46 23 50 50 78 45 65
19 92 74 54 A 63 A —  ■ 62 52
20 79 52 31 38 75 85 85 65 72
21 79 48 38 A A A —  / 27 18
22 87 63 46 46 A A 100 75
23 79 52 31 23 A A — 32 20
.24 82 63 77 38 A A ■ — 97 87
25 87 A 38 A A A A 62 55
26 A 56 A A A A —  - 90 55
27 82 74 62 23 50 71 92 : 42 55
28 76 63 A 15 63 35 92 27 50
29 A 78 38 23 A 57 92 55 27
30 87 59 62 A 63 57 62 58 82
31 89 78 46 A A A — 60 33
32 79 A 62 46 75 64 A • 33 53
33 89 52 54 31 50 57 71 72 57
34 87 41 54 A A A — 87 72
35 76 A A A A A A 78 77
36 74 74 77 54 A A — 98 87
37 92 74 62 31 38 57 92 80 48
38 89 70 54 77 A 71 85 90 57
39 87 63 54 A A A 65 ’ 58
40 82 A 46 62 75 64 — 73 37
41 - 76 A 15 A A A A 47 43
42 A A A A A A A- 43 37
43 A 56 31 69 A A — 58 57
44 87 59 38 A A A — 30 27
45 82 A 38 54 A A A 62 73
46 87 81 85 A 75 78 100 85 72
47 74 48 46 A A A — 67 33
48 82 63 A 38 63 71 92 37 45
49 . A 70 46 54 75 42 85 53 82
50 82 59 46 46 50 78 85 80 27
CHEMICAL
PHYSICS
STUDENTS
ELECT.
EN&.
STUDENTS
Stud. Self-test in lect.(%^Revis. Compat. PEMS Electicity
No, 1 5 8 11 15 15 5 I II
51 89 48 23 38 A A •; — 95 . 90
52 68 59 A 69 50 50 71 82 65
55 87 67 46 46 75 50 92 50 70
54 79 67 38 46. 75 64 85 48 67
55 A 52 A A A A — 53 ' 55
56 84 70 69 A A A ■ — ' :■ 35 65
57 71 67 62 31 A A / — ' - 90 42
58 87 63 46 62 63 50 92 90 58
59 79 52 46 38 75 57 64 68 68
60 92 67 A A A A —  - 62 17
61 84 74 A V :46 A ■:A ■ - — 77 42
62 84 70 A A A A 70 52
63 79 56 A 23 75 57 92 55 47
64 76 74 38 A A A —  - 72 82
65 84 56 31 A A A — .... 55 38
66 A ■ 67 31 A A A 85 75
67 A A A A A A A m 72
68 79 63 38 A 50 57 92 77 55
69 ' -84 44 15 31 75 A ■ — . 33 22
70 82 63 A :A A A — ■■■■■ 65 58
71 87 56 69 62 38 21 78 43 38
72 84 63 31 46 75 42 92 73 65
73 79 56 23 A 50 28 92 45 40
74 92 81 38 A A A 95 78
120 87 52 31 A 0 50 78 43 22 PffTSIC
121 79 A A 0 38 14 50 17 STUDEN
124 A 63 8 38 63 28 92 58 57
125 84 67 23 A A A 55 40
126 89 74 A 31 A A — 28 47
127 74 56 23 38 25 50 78 33 20
128 A A A A A A . A 55 35
129 87 63 A A A A — ■' 45 17
130 79 48 A A A A ' ■ 52 47
131 79 48 A A A A ;; — .. 43 13
132 87 A A A ' A A A 42 25
133 74 A 23 A A A A 22 18
134 A A 46 15 13 At A ' 75 52
135 82 74 54 46 38 42 100 95 73
136 A A A , 69 A A A 18 2
137 76 63 23 46 50 57 92 25 30
138 92 63 A A . A A 78 55
139 82 30 23 A 63 14 50 30 32
140 89 A 31 38 A A A 62 . 55
141 82 52 A A A A — ■. 43 38
142 A A A 15 A A A 20 28
143 ' 82 56 A A A A — • 75 47
144 76 A A A A A A' 30 27
146 89 44 A A A A 20 15
147 84 A A A A A A 58 43
148 66 59 A A A A — 38 20
149 87 30 A A A A 12 22
150
t
87 A 54 A A A A 52 27
Stud. Self-test in !ect.W)Revis; Compat. PEMS Electric:
No. 1 1 8 11 ■15 15 5 I ; • II
151 79 48 A 31 A A — 37 10
152 76 65 46 A A A ■ —  ; 32 17
153 84 63 31 31 50 42 85 17 43
154 82 63 54 31 A A 70 33
155 84 70 54 A 50 57 100 100 97
156 87 52 A A A A ■ — 82 22
157 79 A A A A ;A A . 32 38
158 82 89 62 62 38 78 100 95 87
159 89 59 A A A A — 47 28
161 87 A 31 46 50 35 ■ 4 48 23
162 89 56 23 A A A 23 28
163 87 A 69 A 63 50 A 97 53
164 74 48 A A A A, 15 2
165 87 A 46 A A A A 65 28
c) 1971-72 . Self-test results for Electrical Circuits
course and PEMS end-of-course Electical Circuits 
examination results (% raw scores).
A = absent for test or exam. Compat.5 = lest 5 marked
Student Self--test in lect. (%) Revis . Compat. PEMS
No. 1 5 8 11 il 15 . E.C.
473 97 88 50 68 30 12 82 52
474 94 75 33 A A A >- - 30
476 A 67 A 64 A A : — ' 7
477 91 62 58 73 60 56 55 20
478 88 67 58 54 A A , —  ■ 12
479 94 67 A 77 30 55 36 50
481 A . 56 A 82 ' A A - — 17
483 94 27 58 86 A A 8
485 91 36 42 82 60 82 36 35
486 76 33 33 82 30 18 27 30
488 97 75 42 91 A A : 53
489 100 84 50 86 A A : ' ' ' ' 35
490 97 71 50 86 A A ;■ — 18
491 81 A A 68 A A ; — - 18
492 94 55 50 86 A A ^ 10
494 79 55 A A . A A ■ —' 10
495 94 71 67 A A A — 27
496 91 A A A A A A 22 :
498 100 67 58 86 80 64 55 52
499 88 50 42 68 50 46 18 30
500 100 46 A A A A ■ ■ ~ ■. 3
501 94 67 75 82 80 46 55 70
502 91 88 A A 60 82 82 47
503 97 A 50 A 60 46 ; A /. 10
504 94 62 58 64 60 64 45 ■ 22
505 97 80 42 54 50 27 64 45
506 91 75 50 86 60 55 55 22
507 79 55 42 68 30 36 18 52
508 82 67 67 77 40 55 - 55 28
511 94 71 75 73 60 27 36 18
512 97 62 42 68 50 36 36 35
513 97 84 58 86 80 73 73 70
514 85 84 58 91 60 27 64 28
515 97 80 67 86 30 27 73 “ 45
516 94 A A 86 40 46 A 25
612 70 62 17 82 60 46 45 25
613 85 46 50 64 A A . — ... 55
629 A 46 A 59 A A — ■ 48
519 88 62 A A A A • 17 :
520 85 67 A A A A 17 :
521 91 A A 64 A A A 13
522 A 67 50 91 50 36 36 20
523 A 71 42 82 70 36 55 23
524 91 58 33 73 50 64 55 55 .
525 97 A 50 82 70 73 A 43
527 94 A 67 73 80 46 A 95
528 79 84 58 77 60 55 73 35
530 94 80 58 68 50 73 64 72
PHYSICS
STUDENTS
ELECTRICAL
ENGINEERING
STUDENTS
Student Self--test in lect. w Revis. Compat. PEMS
No. 1 5 8 13 15 15 5 E.C.
531 91 96 67 82 60 82 84 43
532 100 75 A A A A — 20
534 94 88 67 73 80 82 73 57
535 94 84 58 77 60 64 73 58
537 76 71 67 77 50 36 36 47
538 85 88 67 68 70 73 91 15
539 91 67 50 82 70 55 27 70
540 97 88 67 82 80 64 73 52
542 A A . 50 73 A A v A 70
544 94 75 50 68 40 46 64 28
547 88 55 58 82 30 82 9 70
548 91 62 58 91 80 73 45 83
549 100 84 A 77 A A 73 28
550 94 71 83 91 90 18 45 68
551 91 71 50 86 80 64 82 .85
552 94 80 50 91 60 82 73 60
553 88 62 33 77 60 55 36 23
554 97 55 58 77 50 55 36 55
555 91 75 A A 30 73 55 58
556 88 67 42 68 50 64 64 63
557 97 75 67 86 50 73 55 38
558 91 96 58 73 70 55 64 55
559 91 96 58 73 70 55 91 33
561 94 75 50 86 60 73 55 63
562 85 84 58 A A A - ■■':■ 42
564 91 75 83 95 A A - 22
565 94 80 58 86 60 46 55 10
566" 94 71 42 A A A 40
567 91 A 58 95 80 82 A 68
569 91 67 58 86 60 64 64 35
570 100 71 42 91 90 82 36 42
614 70 62 A A 50 55 45 22
615 82 62 67 73 60 55 27 13
616 88 58 A 91 A A 36 63
617 73 46 58 A A A ' — : : 13
619 88 71 83 77 30 73 • 55 72
620 91 84 75 86 70 64 73 10
630 A 67 58 82 50 36 45 30
599 88 67 58 77 40 55 45 10 CHEMICAL
598 88 62 67 91 70 64 45 32 PHYSICS
595 97 71 58 A 30 64 55 37 STUDENTS
596 85 50 A A A A 8
597 85 62 A A A A — •10
605 73 A 50 54 20 46 ' A 8
608 97 50 27 73 A A — 10
606 79 37 50 77 40 46 • 18 13
600 85 62 42 54 40 36 36 28
601 88 75 A 54 40 . 36 45 23
604 97 71 50 91 70 64 55 22
609 94 75 33 73 60 36 70 42
607 94 67 A 77 A A — 40
603 94 62 42 A A A — ■ 12
628 67 33 A A A A ' . ;; 7
pens  9 7 0 - 7 1 V 1 -v :h k-S n a r m a C i s ^ d  t o  hean  o f  50 amd sd o f  2 0 ‘
Student No. 3a El E2
56 9 31 67 Electrical
e»7 V  67 73 Engineering
44 _ 39 2/ 34 Students.
21 31 24 26 "NE." grouo. .
29 60 46. ' 34 '
60 73 34 ' " ' 25
■ 47 ■■ 9' 39' ■ 39
31' . _' 23“ 33 39 _ _ - ......
64 ■ 30 . 63 ■ . ■ ■ .82
61 - 42 .. 67 47 „
34 91 76 73
26 68 73 - 56
45 • . 79 _ 54 .' . - 74 : . . '
35 54 68 77
25 47 54 . 58
39 59 37 61
41 35 42 48
55 69' 4? 58
70 63 37 61
74..... / 79 82 78
62 76   61 35 .
65 42 43 43
6 6   75   74- ■ ■ 76 . ■ , .
43 62 51 60
. 42 j 34 38 . ■ 42 . ■
143. ;31 ■ 65 31 Physics ..
157 39 : 29 43 Students.
126 25 25 51 "NE11 group.
144 ' ■ 30 ■ ■ ' 27 34 -
164 > 4 2  14 12
133 79' 20 26
152 > 34 29 25'
,131 ■ ■ -53 33 : ■ ■ 19-
149 33 12 29
■ 162 ' ■ 25 ■- 21 . 34
142 32 18 34
146 ■■■ ■ 31 ' :■ 18 23 '
136 -2 17 12
: 131 ■ ■ 53 • 38 V ■ 21 \ .1: .
1 30 59 46 34
pe ns  E X A M  1 9 7 0 - 7 1  m a r k s  H O R M A U S E D  to n S A H  OF 50 A N D  SO OF 20 ‘
Student No. SA' 51 E2
> ■ 165, 62 ; ■" 57 3 4 1 ■
i28'l:i>i : 64 48 11 ‘> ,41:
159 79 42 ' 34 '
121 47 44 25
136 72 71 29
132 39' 57 32
129 17 40 25
141 3 0 3d 43
14? 54 51 48
134 - 72 q 3 53 - -
1 30 79' 46 51 -
140 35 54 58
138 42 68 58
163 65 84 36
"123 . ' ' 34 ' 48 . .45 - ;
148 31 34 17 Chemical
' 1 28 12 16 Physics
11 5a 40 21 Students.
• 14 9' 38 39' MNFn group.
15 65 61 43
50 72 70 34 Electrical
1 ;723777177777 13 79 27 Engineering
69 20 30 29‘ Students.
52 75 71 o? tTP n group.
38 60 78 60
5? 82 • 78 47
46 39 74 73
72 34 64 67
37.; : ;..;_76 ■ 7 Q . ' -52
68 5 4 67 58
36 68 85 86
■51 ; : 1 ' '72 S 2 49
. ' 20 . 59' ■ ■ 57 73 '
. ;59 63 59 70
: ■ 30 ' - 72 ; '■'■- ■ 51 ■■■'..■ 82 ■' ■"■■■
49 53 47 82
53 33 . 44 , ■ 71 ■■
58 33 78 61
24 45 64 86
>1 8'i7777V-: ->F:r.-,47--- i\:i-\7'77 40 :; - - 7 67
PEHS EX AH : 1 9 7 0 - 71  NORMAL j ’Sjs D TO MH AN OF 50 A.NP SO Of
Student Ho. 3A El • W
ZT !*? 37 58
40 62 ■" 64 42
33 5 3 65 6 0
22 62 .a? 76 ■*
19 63 54 35
71 50 36 43
54 37 42 69
63 ■_ 50 _ 48 51 ■
43 “ _ 47 .33 ~ 40
28 _ ■ _ _ 20 ■ ■ 24 ■ 54 ■
■73 :■ 28 . -.40 _: ■ 45'
124 _ 62 _ 51 60 Physics
^35 _30 _ _ 32 _ _ 7<* Students.
155 72 87 95 Mp M gpouD.
156 64 32 86
161 42 42 30
154 53 61 39'
120 47 36 29
127 65 30 27
.137 60 23 36
139 10 87 36
. :.:, ;1 5 3 . ; 43-  ^.,;
7 47 53 67 Chemical .....
■. 6 57  78 9.3. . Physics -.-.
^7    63   78.... Students...
2 91 61 38 "F" group.
3 47 51 64
,'' ‘ 4 '-r;:'■;■;: ■;■; 47;■'■::;- .■v‘.‘-72 S-'Z ..:2'?.:
10 ■ ■ ■ 13 20 . ' ' 20
3 28 18 26
PEMS EXAM 19 71-72 MARKS :JOR!iA11SEO TO MEAN OF 50 AMD SD'OF 20
Studeht Ho. - A: 1 C : sc
■566 47 54
614 . 33 37
349 41 43
542 41 32
■ ■■■■ 562 2 56
' ' 555 58 71
616 14 76
2?' 35
521 32 2g
41 33
519 36 33
617 47 29
629 6 V 62
' 67 42
516 41 40
474 H 45
302 80 61
496 32 37
300 53 ■ 19
: ■ - 303 -so 26
476 30 23
494 'v MEM''' 26
481 32 33
491 35 33
607 39' : 54
597 - 39 . 26
628 50 23
' 603 56 \ 28
596 .-■■ ■ 44 ■' . ' 24
. 564 32 37
525 38 37
. 554 ' 35 68
328 :•... ■ 32 49
■ 540 23 - 65
550 3 .80
. ' ■ 337 J 7 61
. 538’ 54 , 68
524 68
Electrical 
Engineering 
Students.. . 
"HE" group.
Physics 
Students.
 "HE" group.
Chemical 
Physics 
Students. 
"HE" group.
Electrical 
Engineering 
Students. 
"E" group.
PtH'iS fxXAH 1 9 71 - 7 2 .  .   HARKS NORMAL J S£D TO. MEAN OF 50.  AND .SP OF M
Student No.. A;1C £C . _ ;;  ......
569 . . 67 ' 49
567 67 m
527 76 1Q6V
630 A 9S 45
6g0 44 26
565 47 26
615.A' . -1 .'■■ .29 -
538 32 ■ 31 ■
522 . 20 ?,■ ?.
612 32 3o Physics
486 26 45 • Students. •
501 41 32 "F" group.
504.'; . : 41 37
498 ■' 70 ' ■ 65 ■ ■
613 ' 47 68
507 . 64 . 65 •
'485' ? ■?~'33";::N-??i;'49;^^
512 50 49
506 67 3?
5 08.. 33 43 ;
514 6 4 43
4m  . 91 ■ ■ 49 ■
499 14 45'*
479 as 63
564
323?.
353
537
339
547
534
331
330
?339
54ft
561
556
531
532 
619
44
44
79‘
•15
33
50
30
67
61
53
59
47
70
70
33
53
43
31
31 
52 
41
32 
70 
57
84
aa
PcMS EXAM- 1 ? 7 1 ~ ? 2 '  HARKS II OR MALI  5 E P TO H £ AN 0 p. 3
Student No. A IC CG
4 S3 79' 66
505 50 39
473 64 65
515 3a 5s?
■513 76 32
49 2 73 ?,n
511 ■ ■ 64 ■ ■ ■ 33
483 59 24
■ 490 53 _ ■ 33
478 ‘ - ' '.'53- - Z» --
477 _ _ 29* _ ' 35
“ 600 - 3S T ' ' ■' I 437‘: Chemical^-.
604 ? 9‘ 37 Physics
598 “ 76- * 47 _ Students.
593 82 51 MF M group.
601 50 3 8 “
609 70 36 -
399 56 26
o06 44 29
o03 33 24
608 53 26
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Results of self-tests, 1970-71.
J Percentage 
1 Mark.
Self-test in lecture I 
5 8 13 15
1 0 -- 10 0 4 0 0
11 -- 20 0 4 2 2
21 - 30 2 13 10 7
31 -- 40 0 24 38 : 17
41 -- 50 10 17 25 26
51 -- 60 29 16 10 0
61 -- 70 42 •16 13 17
71--•80 10 4 2 29
81 --90 7 2 0 0
91 -- 100 0 0 0 2
No.of users 
present for 
test
.
48 46 40 42
_________!
' . .PCT3CETNTFH3E: M B F 5 K
•— -----— Test in lecture 5
 ---; —.--* . Test in lecture 8
.. .. ....... Test in lecture 131
f- Test in lecture 151
Results of self-tests, 1971-72.
| Percentage 
| Mark,
1 Self-test 
5- 8
in
i2
lefture
15
1 0 - 10“ 1 o 0 0 0
! 11 - 20 0 0 0 2
j 21 - 30 0 1 0 13
31— 40 5' 6 0 10
41 - 50 4 37 0 17
51 - 60 12 30 7 27
61 - 70 28 18 14 14
71 - 80 33 4 28 14
81,-90 . 16 4 35 v 3 v:
91.- 100 4 .0 16 0
Humber of users 
present for test 68 70 71 63
j STUPENTS
£3i£/S
S3*2J $323 ! 2532?
P E T P C E N T B S E  M P R K
im(U
Test,in lecture 5 
Test in lecture 8 ’ 
Test in lecture 13 
Test in lecture 15
A.27 An analysis of cost and time for the main experiment.
In addition to normal lecturer and tutor involvement in 
preparing and giving lectures and tutorials, the additional 
time and costs involved were estimated to be:
Lecture course.
Technician and Library staff time in making recordings 
and placing them in the library.
Cost of materials.
Self-tests.
Lecturer time in defining intended outcomes of the course 
and problem areas.
Lecturer time in setting questions for self-tests.
Other Departmental staff time in checking and advising 
on material of tests.
Technician time in administering self-tests during lectures 
Cost of materials.
Technician time in processing test answers for the computer 
Cost of computing.
Library based material
Lecturer and other Departmental■s*
suitable book references for stud*
definition of areas for possible tape/slide presentations. 
 Staff time in preparing, recording and checking tape/slide 
prej
Technician time in recording and preparing tape/slide
presentations.
Cost of materials.
.■ An analysis of time.
Lecture course.
Technician time in setting up equipment for recording 
in lecture theatre, testing, operating and dismantling 
equipment ' = 30 minutes/lecture
Technician and Library staff(count as one technician) 
time in checking tapes, placing in folders with notes, 
labelling and placing on library shelves = 3 0  minutes/lecture 
Self-tests.
Estimate of lecturer's time in defining areas, setting
questions and other staff commenting etc. = 20 man hours
(for the 5 tests total)
Technician time in administering tests during lectures
(2 technicians 30 minutes each) = 1 man hour/test lectur
Technician time processing test results for computer
= 1 man hour/test 
Lecturer time in analysing test results and prepai
summary for tutors 0.5 man hour/test
Typistfs time in typing self-tests and results summary
sheets 1 man hour/test
Library based material. .
Lecturer and staff time in definition of this material
= 3 man hours/test 
Staff time in preparing, recording and checking average 
tape/slide presentation = 2.5 man hours
Technician time in preparing equipment, recording and 
editing etc. average tape/slide presentation
= 2 man hours
.~ \ An analysis of cost.
Lecture course.
3 Cl20 cassette tapes/lecture (cost/cassette = 90p)
10 photostats(iaverage)/lecture for copies of lecture 
notes (cost/photostat 2p)
Self-tests.
Introductory booklet on course = 6 pages
Test 1(Preknowledge) and answer sheets = 10 pages
Test 5 and answer sheets = 10 pages
Test 8 and answer sheets = 7 pages
Test 13 and answer sheets = 7 pages
Test 15 and answer sheets = 4 pages
150 copies of each booklet and test printed.
Printing costs for this were:
44 Itek masters at 25p each = £11.00
6,600 A4 sheets printed = £13*64
900 two part carbon answer sheets printed= £4.44
Collating and stapling = £3.50
Computing unit costs
Card punching to outside bodies 3p/card
ie.150 cards/test = £4.50/test
Charges that would apply for computing time at 3p/u£it
Test 1.292 units = £3.65
Test 5.208 units = £2.60
Test 8.114 units = £1.40
Test 13.96 units = £1.20
Test 15.80 units = £1.00;
Library based material.
Although books used for the references were also 
available on the shelves, assume 2 extra copies 
of all required for limited loan system.
Estimate 12 books at £l/book (2 copies of each)
Cost of tape/slide presentation(average)
Assume total of 17, one copy of each.
Average number of slides = 50
Average length of time for recording = 15 minutes 
Cost of 1 35mm black and white slide dyed blue = 4p 
1 C60 cassette tape = 45p
Note- The above ignores the following:
1) Draft typing of self-tests etc. - it is assumed to 
be handwritten.
2) Library processing of books, loan of tapes, books, 
and tape/slide presentations - assumed to be part of 
their usual activity.
3) The same assumption is made with regard to the AVA 
unit , , f o r  the processing of slides.
Library.
Capital Costs.
1 ESL Surrey Carrel £390
This is a two position booth designed by 
the project for showing tape/slide material
6 Cassette tape players with, earphones Total cost = £90.
This equipment can of course be used for audio tapes and 
tape/slide presentations in any subject and in fact is 
in use in this way in the University of Surrey library.
It would therefore not be realistic to add this to the 
total cost of the systematic approach to the PEM3 
electricity course and accordingly it has been omitted.
Summary of man hours and cost of materials for
initiating the course.
3 . . . .  . . . . . . . . . . . . . . . . . . . . . . . .
Academic 
staff 
(man hours)
Technical
staff
(man hours)
Materials 
cost (£)
i lecture course ■ • 15.0 43.50
Self-tests 22.5 15.o+ : 64.93
Library based 
material 52.5
34.0 65.65 ;
totals 75.0
;
1
64.0 .] 174.08
Summary of man hours and cost of materials for
continuing the course.
Academic 
staff 
(man hours)
Technical
staff
(man hours)
■ Materials 
cost (£)
j lecture course * 15.0 3 . 0 0 ^  j
J Self-tests 5(2) : 15. o+ 64.93
j Library based : 5(3) 4 . 0 ^ 10.00^5^
j material i
1 TOTALS 10 34 77.00
1 1 •• 1 :
Notes.
* This assumes normal lecturer involvement in the actual 
lecture course.
* This includes typist’s time.
(1) This figure assumes that tapes are reused each year 
- there is no point in keeping old recordings.
(2) This allows for revision of tests by lecturer based 
on feedback from previous year.
(3) Allows for revision of tape/slide material. Any 
revision of book reference material assumed accounted 
for under (2)
(4) This is simply time for recording revised tape/slide 
material.
(5) Allows for replacement of one or two books and cost 
of revised tape/slide material.
Both of these tables are based on figures recorded for 
the first trial of the systematic approach 1970-71 and 
the revised version 1971-72. Salaries are based on 
average'/salary calculations wjtich applied January 1972.
An analysis of cost and time.
A summary for the hours of staff and the cost of 
materials, both for initiating the system and for'its 
continuation is given above. ; It is however
interesting to take it one step further and look at the 
total cost of the system in terms not only of material 
costs, but also costs of academic and technical salaries.
The estimates given below are based on average salary 
figures which applies at the end of the 1971-72 session,
Since then there has been an increase in both salaries.
Cost in initiating the system;
Academic staff salary' £115
Technical staff salary £;:-44
Materials £174
Total £333
Cost of mainlining the system
Academia staff salary £115
Technical staff salary . £ 24
Materials £ 77
Total £116
If we assume that the course is for 150 students 
with a total course contact time of 20 hours (lectures and 
tutorials) then the total cost/student/hour of course time 
is as follows:
for the initial course = lip 
for maintaining the coarse = 3p
Thus there is a non-recurrent cost of 8p per student 
in initiating the course, and hence the estimated cost 
for any course of this nature, using this: system would 
be £(12 4* 0.03 s) per hour for its initiation and 3p per 
student per hour run-on costs.
This of course excludes the cost of capital equipment 
cassette players and tape/slide equipment used ip. the 
Library as this would be common to several courses. Note that 
this is the extra cost over and above the existing course. 
Additional cost involved in establishing this type of system 
for a course at its initiation would be much smaller since 
tasks would be much more integrated.
